Multiply vulnerable populations: Mobilising a politics of compassion from the 'capacity to hurt' by Waite, L. et al.
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Α∋−Χ! .39! Α+().−+! ∋3! 7&+! /.−7! ∋)! +Ε/(∋0+−6! .39! >∋ς%+37−+! Τ(;6! 67.))! .((! %∋Ες43+! 7∋! %∋367−.43!
−+);,++6Ζ! .ς4(470! 7∋! .%%+66! /.49! +Ε/(∋0Ε+37! Θ∆Α0+−! <ΦΦβΣ#! Λ39++91! −+);,++6! .−+! 7&∋;,&7! 7∋!
+[/+−4+3%+!∋3+!∋)!7&+!&4,&+67!−.7+6!∋)!;3+Ε/(∋0Ε+37!∋)!.30!,−∋;/!43!7&+!2≅!ΘΟ(∋%&!<ΦΦ<Σ#!
!
! Λ7! 46! %(+.−1! 7&+−+)∋−+1! 7&.7! 4ΕΕ4,−.37! 67−.74)4%.74∋3! .39! 6∋%4∋Ν(+,.(! 67.7;6! %∋Ες43+! 7∋!
+[%(;9+!%+−7.43!,−∋;/6!∋)!Ε4,−.376!)−∋Ε!7&+!−4,&7!7∋!Α∋−Χ!∋−!.%%+66!7∋!6∋%4.(!6+%;−470#!?&+!−+6;(7!∋)!
7&46! 46!.60(;Ε!6++Χ+−6!.39!−+);,++6!ς+43,!6;%Χ+9! 437∋!7&+! 43)∋−Ε.(!.39!;3−+,;(.7+9!+%∋3∋Ε0! 43!
∋−9+−! 7∋! )439! .3! 43%∋Ε+! ΘΠ∋ΕΕ;3470! 843Χ6! .39! Μ+);,++! Π∋;3%4(! <Φ∀∀Σ#! Λ7! 46! Α47&43! 7&+6+!
;3/−∋7+%7+9! (∋Α+−! +%&+(∋36! ∋)! 7&+! (.ς∋;−! Ε.−Χ+7! 7&.7! 7&+! 6/+%7−+! ∋)! +[/(∋47.745+! .39! )∋−%+9!
(.ς∋;−!46!.!−+.(!/∋664ς4(470!Θ≅.7;3,4!(−%∋+!<ΦΦ⊥Σ#!Λ7!46!6;,,+67+9!7&.7!67.7;7∋−0!/−∋5464∋36!)∋−!∋∃1+09%
!=!
!
∃((:()∃!.−+!).4(43,!7∋!Ε++7!&∋;643,!.39!)43.3%4.(!3++96!∋)!Ε.30!Ε+.343,!6∋Ε+!Ε.0!ς+!9−.Α3!437∋!
)∋−%+9!(.ς∋;−ϑ!)(∗0∃(2%∋∃1+09%∃((:()∃!.−+!/−∋3+!7∋!64Ε/(0!Ψ946.//+.−43,Ζ!7∋!7&+!Ε.−,436!∋)!6∋%4+70!
Α&+−+! 7&+0! .−+! /.−74%;(.−(0! 6;6%+/74ς(+! 7∋! %∋+−%+9! (.ς∋;−! /−.%74%+6ϑ! .39! )∋−! )(∗08((∃1! Ε;(74/(+!
ς.−−4+−6!7∋!Ψ9+%+37Ζ!Α∋−Χ!Ε+.3!7&+0!.%%+66!7&+!(.ς∋;−!Ε.−Χ+7!43!7&+!Ε∋67!/−+%.−4∋;6!.39!(∋Α!/.49!
6+%7∋−6#! µ;−7&+−Ε∋−+1! &4,&(0! %∋+−%45+! Α∋−Χ43,! .−−.3,+Ε+376! /−+54∋;6(0! +37+−+9! 437∋! ∋;7! ∋)!
3+%+66470!Ε.0! %∋3743;+! .)7+−! −+);,++! 67.7;6! &.6! ς++3! 6+%;−+9! ΘΜ+);,++!α%74∋3! <ΦΦ⊥Σ#! Μ+6+.−%&!
437∋! )∋−%+9! (.ς∋;−! 43! 7&+!2≅!∋5+−! 7&+! (.67! )+Α!0+.−6!&.6!;3%∋5+−+9! 437+3645+!/.77+−36!∋)! (.ς∋;−!
+[/(∋47.74∋3! 43! 6+%7∋−6! 6;%&! .6! .,−4%;(7;−+1! )46&+−4+61! )∋∋9! /−∋%+6643,1! %.−+! .39! 9∋Ε+674%! Α∋−Χ!
6∋Ε+!Κ;674)4.ς(0!%.−−043,!7&+!7.,!∋)!ΨΕ∋9+−3!6(.5+−0Ζ!Θα39+−6∋3!.39!Μ∋,.(0!<ΦΦιϑ!Π−.4,!+7!.(!<ΦΦηϑ!
8.(.34!<Φ∀∀ϑ!≅.,.3!+7!.(!<Φ∀∀ϑ!∃%∋77!+7!.(!<Φ∀<Σ#!!
!
! ?&+!+549+3%+!)−∋Ε!7&+!Λ)(,∋)#.0∃%Μ#<(∃!/−∋Κ+%7!9+Ε∋367−.7+6!7&+!&;−7!)+(7!ς0!Ε4,−.376!.7!
94))+−+37!67.,+6!∋)!7&+!(.ς∋;−!/−∋%+66!.6!.!−+6;(7!∋)!7&+4−!+[/+−4+3%+6!∋)!!)∋−%+9!(.ς∋;−!.6!Α+((!.6!
∋7&+−! &4,&(0! +[/(∋47.745+! )∋−Ε6! ∋)! ;3)−++! (.ς∋;−! ΘΤ&4((4/6! <Φ∀<Σ#! α7! 7&+! Ε∋67! ς.64%! (+5+(! 7&46! 46!
Ε.34)+67! .6! .! 6+36+! ∋)! 7.2#+1% ∀0)−! ! .6! .! %∋36+Ξ;+3%+! ∋)! 7&+! /&064%.((0! 9+Ε.3943,! ! Α∋−Χ! 7&+0!
;39+−7.Χ+!∋)7+3!43!;3%∋Ε)∋−7.ς(+!.39!9+,−.943,!6+36∋−0!+354−∋3Ε+376!!Θ+#,#!&∋7Ρ%∋(91!Α+71!94−701!
9.−Χ1!!3∋460!∋−!∋9∋−∋;6Σ#!_∋−+∋5+−1!7&+!/−∋Κ+%7!&.6!.(6∋!;3%∋5+−+9!+[7+3645+!+549+3%+!∋)!Ε4,−.376!
ς+43,! )∋−%+9! 7∋!Α∋−Χ! 5+−0! (∋3,! &∋;−6!Α47&! )+Α! ∋−! 3∋! ς−+.Χ6!Α&4%&! (+.5+6! 7&+Ε! /&064%.((0! .39!
Ε+37.((0!+[&.;67+9#!?&+6+! −+6+.−%&!/.−74%4/.376!ς+(∋Α!9+6%−4ς+! 7&+!+Ες∋94+9!%∋36+Ξ;+3%+6!∋)!
7&+4−!+[/(∋47.745+!Α∋−Χ43,!%∋39474∋36#!!
:&+3!Α+!+37+−! 7&+!Α.−+&∋;6+! 47Ζ6! 5+−0! )−+++!∋3+!]! )−+6&!∋3+1! (4Χ+! 43649+!.! )−49,+! 7&+0!
9493Ζ7!&.5+!3∋!+Ξ;4/Ε+37!3∋7!+5+3!%(∋7&+6!.7! 7&+! 74Ε+! 47!Α.6! 63∋Α43,#! οπθ! 6∋Ε+!∋)! 7&+!
7+.Ε!7&+0!Α+37!)∋−!Χ4((43,!ο%&4%Χ+36θ!6∋Ε+!∋)!7&+!7+.Ε!.−+!)∋−!Α.6&43,!Α47&!7&+!Ε.%&43+!
Α.6!.39!7&+3!47!,∋+6!7∋!7&+!)−49,+!Α+!/;7!43!7&+!)−49,+!.39!7&+3!/.%Χ!43!7&+!ς∋[!.39!,∋!7∋!
!∀Φ!
!
6;/+−Ε.−Χ+7!(4Χ+!α69.1!_∋−−46∋3!7&+3!0∋;!%.3!6++!+5+−0!/+∋/(+!9∋43,!47!.39!3∋7!,∋∋9!/.0#!
ΘΕ.(+1!.60(;Ε!6++Χ+−!)−∋Ε!α)−4%.1!ΗΦ6Σ!
!
ΥΛ!Α.6!,+7743,!Ε∋−+!74−+9!.39!74−+9!.39!.7!∋3+!/∋437!Λ!7&∋;,&7!Λ!Α.6!,∋43,1!Λ!Α.6!.ς∋;7!7∋!
94+!ς+%.;6+!Λ!%∋;(9!)++(!Ε0!ς∋90!Α.6!Α+.−43,!∋;7#!α39!Λ!Α.6!7&43Χ43,π#!&∋Α!(∋3,!Α.6!7&46!
7&43,!,∋43,!7∋!,∋!)∋−∴!α7!∋3+!/∋437!Λ!7&∋;,&7!∋Χ!Λ!7&43Χ!7&46!46!&∋Α!∗∋9!&.6!Ε.9+!Ε+!7∋!(45+!
Ε0!(4)+#!α39!Λ!Α∋39+−!.,.43!&∋Α!%.3!∗∋9!(+.5+!Ε+!.,.43!7∋!ς+!6;))+−43,!(4Χ+!7&46#Ω Θµ+Ε.(+1!
−+);6+9!.60(;Ε!6++Χ+−!)−∋Ε!α)−4%.1!ΗΦ6Σ 
!
! ?&+!/−∋Κ+%7!.(6∋!;3%∋5+−+9!+549+3%+!∋)! !+[7−+Ε+(0! (∋Α!/.0! (+5+(6#!Τ.−74%4/.376!9+6%−4ς+9!
ς+43,! )∋−%+9! 7∋! ;39+−7.Χ+! /+−4∋96! ∋)! ;3/.49! Ψ7−.4343,Ζ! ∋−! Ψ.//−+374%+6&4/6Ζ! .39! ∋)! &.543,! 7&+4−!
Α.,+6!Α47&&+(91!+[/+−4+3%+6!Α&4%&!−+6∋3.7+!Α47&!−+6+.−%&!43!7&+!%∋37+[7!∋)!7&+!∗(∋ς.(!∃∋;7&!Θ+#,#!
Ο.674.!.39!_%∗−.7&!<Φ∀∀Σ#!∃;%&!+[/+−4+3%+6!∋)!+[/(∋47.74∋3!−+6;(7!43!9∋−()#∋+%∀0)−!Α47&!7&+!.60(;Ε!
6++Χ+−6!Α&∋!/.−74%4/.7+9!43!7&+!−+6+.−%&!−+%∋;3743,!&∋Α!7&+0!.−+!)∋−%+9!7∋!Α∋−Χ!43!7&+!43)∋−Ε.(!
+%∋3∋Ε0! 7∋! Ε++7! 7&+4−! ς.64%! 3++96! ς+%.;6+! 7&+0! .−+! +[%(;9+9! )−∋Ε! Ε.4367−+.Ε! Α+().−+!
/−∋5464∋36!.39!9∋!3∋7!&.5+!7&+!−4,&7! 7∋!Α∋−Χ! 43! 7&+! )∋−Ε.(!+%∋3∋Ε0!Α&4(+! 7&+4−!.60(;Ε!%(.4Ε! 46!
.66+66+9#! Λ39++91! 7&+! 6+%∋39!/.−74%4/.37! Ξ;∋7+9!ς+(∋Α! 6;,,+676! 7&.7! 9+6747;74∋3! 46! .! 9+(4ς+−.7+!
/∋(4%0!ς0!7&+!,∋5+−3Ε+37!7∋!;74(46+!%&+./!(.ς∋;−!.39!+3%∋;−.,+!6(.5+−0!]!.!Α.0!∋)!,∋5+−343,!.39!
946%4/(4343,!.60(;Ε!6++Χ+−6!)∋−!7&+!ς−∋.9+−!Ψ,∋∋9Ζ!∋)!6∋%4+70Ι!!!
Λ37+−54+Α+−Ι!∃∋!Α&.7!949!0∋;!,+7!/.49∴!!
Μ+6/∋39+37Ι! α%7;.((0! )−∋Ε! 7&+! )4−67!Α++Χ! 7&+0! 9493Ζ7! /.0! ;6#! Λ!Α∋−Χ! 643%+! 64[! ;374(! ∀<! 43!
+5+343,!43!34,&71!∀<!43!34,&7!∋3(0!7&+0!,45+!;6!ρβΦ#!ρβΦΝρ∀ΦΦ!!
Λ37+−54+Α+−Ι!α!Α++Χ∴!!
Μ+6/∋39+37Ι!α!Α++Χ#!!
!∀∀!
!
Λ37+−54+Α+−Ι!Ο;7!7&+!)4−67!Α++Χ1!3∋!/.0#!:&.7!949!0∋;!6.0!Α&+3!7&+0!9493Ζ7!/.0!0∋;!7&+!)4−67!
Α++Χ∴!
Μ+6/∋39+37Ι∋:+!Χ++/!Ξ;4+71!Α+!9493Ζ7!6.0!.307&43,1!7&+0!7∋(9!;6!7&+!)4−67!Α++Χ!7&+!6067+Ε!
43!Ο−47.43!3∋!/.0#!∃∋!Α+!Α4((!/.0!0∋;!7&+!)∋((∋Α43,!Α++Χ!.39!Α+!.%%+/7+9!οπθ!+5+−0!9.0!Α+!
Χ++/! 9∋43,! 7&+! 6.Ε+! Κ∋ς! .39! 47Ζ6! 3∋7! +.60! Κ∋ς! οπθ! /(+370! /(+370! %&4%Χ+36#! ΛΕ.,43+! /+−!
Ε43;7+!0∋;!&.5+!7∋!/.%Χ!47!5+−0!Ξ;4%Χ!∋7&+−Α46+!7&+Ε1!7&+0!%∋Ε+!.39!6&∋;7!.7!0∋;!.6!Α+((!
4)!0∋;!3∋7!9∋43,!5+−0!Α+((!7&+0!6&∋;7!0∋;1!7&+0!Κ;67!7−+.7!0∋;!(4Χ+!6∋Ε+7&43,1!0∋;!Χ3∋Α!!
ΘΕ.(+1!.60(;Ε!6++Χ+−!)−∋Ε!α)−4%.1!ΗΦ6Σ!
!
ΛΖΕ!Κ;67!6.043,!7&∋;,&1!Α&.7!Λ!ς+(4+5+!46!Ε.0ς+!0∋;!.−+!Ο−4746&!/+−6∋3!.39!0∋;!9∋3Ζ7!(4Χ+!7∋!
&+.−!471!ς;7!Λ!ς+(4+5+1!ς+)∋−+!∗−+.7!Ο−47.43!Α+37!7∋!Λ394.1!α)−4%.!.39!ς−∋;,&7!&+−+!6(.5+6!ς0!
)∋−%+! οπθ1!.39!+[.%7(0! 7&+0!.−+!6(.5+6! (4Χ+!Ε+#! οπθ!?&+0!.−+!7&+!6(.5+61!.39!7&+0!.−+!/.49!
(+661!6∋!(+661!.39!47Ζ6!,∋∋9!)∋−!647;.74∋3!.39!6∋%4+70!∋)!&+−+#!Λ)!Λ!&.5+!.!6&∋/!.39!Λ!&.5+!7&−++!
4((+,.(!Α∋−Χ+−6!Ε0!Α∋−Χ!46!6Α++/43,!7&+!)(∋∋−1!Α.6&43,!7&+!946&+6!Χ439!∋)!Κ∋ς!7&.7!ϕ3,(46&!
/+∋/(+!9∋3Ζ7!(4Χ+!7∋!9∋!47#!οπθ!α39!Α&+3!ΛΖΕ!4((+,.(!4367+.9!∋)!/.043,!Ε+!ρ⊥!.39!.!&.()!)∋−!.3!
&∋;−1!0∋;!Χ3∋Α!7&+0!.−+!,∋43,!7∋!,45+!Ε+!ρΗ1!7&+3!7&+!%∋67!∋)!7&.7!6&∋/1!47Ζ6!%∋Ε+!9∋Α3#!
α39!7&.7!6&∋/!%.3!,45+!0∋;!.!%&+./+−!)∋∋9!]!7&.7Ζ6!,∋∋9!)∋−!7&46!6∋%4+70#!?&.7Ζ6!7&+!6(.5+−0!
∋)!7&46!%∋;37−0!ΘΕ.(+1!−+);6+9!.60(;Ε!6++Χ+−!)−∋Ε!_499(+!ϕ.671!<Φ6Σ#!
!
! ?&+!/−+%.−4∋;6!6∋%4∋Ν(+,.(!67.7;6!∋)!.60(;Ε!6++Χ+−6!.39!−+);,++6!%.3!+[/∋6+!7&+Ε!3∋7!∋3(0!
7∋! ς∋94(0! .39! Ε.7+−4.(! )∋−Ε6! ∋)! &;−7! ς;7! .(6∋! 7∋! /60%&∋(∋,4%.(! +[/(∋47.74∋3! ς0! ;36%−;/;(∋;6!
+Ε/(∋0+−6!Α&∋! 7&−+.7+3! 7∋!+[/∋6+! 7&+! ).%7! 7&+0!Ε.0!ς+!Α∋−Χ43,!∋−! −+64943,! 43! 7&+!2≅! 4((+,.((0#!!
λ+−+1!−+6+.−%&!/.−74%4/.376!9+6%−4ς+9!7&46!&∃1,∀.+.8#,∋+%∀0)−!43!7+−Ε6!∋)!!ς+43,!&.;37+9!ς0!.!)+.−!
∋)!9+/∋−7.74∋3!,45+3! 7&.7! 7&46!Α∋;(9!ς+! (4Χ+(0! 7∋! −+6;(7! 43! 7&+4−! 4Ε/−46∋3Ε+371! 7∋−7;−+!∋−!9+.7&#!
!∀<!
!
?&46!+[7−+Ε+!.3[4+70! 43! 7;−3! 46!.!ς.−−4+−!Α&4%&!/−+5+376!Ε.30! )−∋Ε!.%%+6643,!6;//∋−7!.39!&+(/1!
(+.543,!7&+Ε!+Ε∋74∋3.((0!46∋(.7+9!.39!&4,&(0!5;(3+−.ς(+#!
∃&+!;6+9!7∋!7+((!Ε+!6∋Ε+74Ε+6!]!∋&!0∋;!σσσσ43,!α)−4%.3! 4)!0∋;!9∋!.307&43,!Λ!Α4((!%.((!7&+!
4ΕΕ4,−.74∋3!∋))4%+!.39!7&+0!Α4((!6+39!0∋;!ς.%Χ!7∋!0∋;−!%∋;37−0#!δ∋;!Χ3∋Α!6Α+.−43,πϕ5+3!
6∋Ε+74Ε+6!Λ!7&∋;,&7!∋)!+3943,!∋))!Ε0!(4)+!.39!7&+3!Λ!7&∋;,&7!Λ!.Ε!7−043,!7∋!+[/(.43!7∋!7&+!
4ΕΕ4,−.74∋3!∋))4%+!7&.7!ΛΖΕ!Κ;67!]!Λ!(∋5+!7∋!ς+!43!Ε0!%∋;37−0!ς;7!7&+!7&43,!46!Λ!%.3Ζ7!,∋!ς.%Χ!
7∋!Ε0! %∋;37−0#! δ∋;! Χ3∋Α! ο−+,4Ε+θ! %.3! Χ4((!Ε+!.39! 6∋Ε+!∋)!Ε0! ).Ε4(0!ς.%Χ!&∋Ε+!.−+! 43!
7−∋;ς(+#!α39!7&+3!7&46!,4−(!6&+!7.Χ+!7&.7!Ε∋−+!.95.37.,+!Θ_.(+1!.60(;Ε!6++Χ+−!)−∋Ε!α)−4%.1!
ΗΦ6Σ!
!
! µ∋−!6∋Ε+!7&+!7&−+.76!+[7+39!ς+0∋39!9+3;3%4.74∋3!7∋!.%7;.(!54∋(+3%+!.39!.ς;6+#!α(7&∋;,&!
3∋7!6/+.Χ43,!.ς∋;7!.60(;Ε!6++Χ+−6!6/+%4)4%.((0ϑ!Ο.;Ε.3Ζ6!Θ<ΦΦηΙ!=Σ!/−∋3∋;3%+Ε+37!7&.7!Υ)+.−!&.6!
6+77(+9! 43649+! 6.7;−.743,! ∋;−! 9.4(0! −∋;743+6Ω! 6++Ε6! .//∋647+! )∋−! Ε.30! ∋)! 7&+! /.−74%4/.376! 43!
Λ)(,∋)#.0∃%Μ#<(∃#!
?&+3!Λ!−+.(46+9!7&.7!.)7+−!9∋43,!7&+!9+(45+−0!7&+0!Α+−+!Κ;67!Ε.Χ43,!);3!∋)!Ε+1!7&+0!Α+−+!###!
∃∋! 7&+0!Α+−+!Α.4743,! )∋−!Ε+! 7∋!/.0! 7&+Ε!ς.%Χ1! Λ! 7∋(9! 7&+Ε!0∋;!3+5+−!/.49!Ε+1! 6∋! 7&+0!
Α+−+!.6Χ43,!)∋−!7&+!Ε∋3+0!)∋−!7&+!ρ<Φ!7&+0!&.9!.(−+.90!/.49!Ε+1!ς;7! Λ! 7∋(9!7&+Ε!Λ!9∋3Ζ7!
+5+3! &.5+! 7&+! ρ<Φ! Α47&!Ε+#!:&4(+! Λ! Α.6! 6/+.Χ43,! Α47&! 7&+6+! /+∋/(+! 7&+−+! Α+−+! ∋7&+−!
/+∋/(+!67.043,!∋;7649+!∋3!7&+!67+/6!.39!.((!∋)!.!6;99+3!∋3+!∋)!7&+Ε!Χ4%Χ+9!Ε+!43!7&+!).%+1!
Χ4%Χ+9!Ε+!43!7&+!Ε∋;7&1!7&+!).%+#!Λ!Α.6!∋3!Ε0!∋Α3!.39!7&+−+!Α+−+!.((!7∋,+7&+−!)45+!/+∋/(+1!
7&−++!0∋;3,!Ε+3!.39!7Α∋!0∋;3,!Α∋Ε+31!6∋!.((!∋)!7&+Ε!.77.%Χ+9!Ε+!.39!Λ!7&∋;,&7!Λ!Α.6!
9043,#! α7! 7&.7! 74Ε+! Λ! %∋;(9! 6++! 9+.7&! Α47&! Ε0! +0+61! .39! Λ! %∋;(9! 3+5+−! ς+(4+5+! Λ! %∋;(9!
6;−545+#!!
!
!∀Η!
!
! ?&+!43.ς4(470!∋)!Ε.30!.60(;Ε!6++Χ+−6!.39!−+);,++6!7∋!+6%./+!7&+4−!)∋−%+9!(.ς∋;−!647;.74∋36!
Θ%∋39474∋3+9!ς0!.!Ε4[!∋)!/∋(4%01! 436747;74∋3.(!.39!∋−,.346.74∋3.(!Α+.Χ3+66+6!.%−∋66!7&+!67.7+!.39!
3∋3Ν,∋5+−3Ε+37.(!6+%7∋−Σ!.39!7&+4−! 4ΕΕ4,−.74∋3!/−+%.−470!%(∋6+6!9∋Α3!7&+4−!.ς4(470! 7∋!/−+94%7!∋−!
/(.3! 7&+4−! ∋Α3! );7;−+6#! ! :&4(+! )∋−! 6∋Ε+! 7&46! 946+Ες+99+93+66! .39! ;3%+−7.4370! .ς∋;7! 7&+!
Χ3∋Α.ς4(470!∋)!7&+4−!);7;−+6!/−∋9;%+6!.!6+36+!∋)!.3,+−!.39!43Κ;674%+!Α&4%&!67−+3,7&+36!7&+4−!6+()Ν
49+37470! .39! 6+36+! ∋)!Ε∋−.(! .ς6∋(;7+6! Θ6++! 6(.5+−0! Ξ;∋7.74∋3! .ς∋5+Σϑ! ! )∋−! ∋7&+−6! 47! ,+3+−.7+6! .!
6+36+!∋)!./−.+.8#,∋+%#/∃(,0)#−1!43!7+−Ε6!∋)!.!(∋66!∋)!%∋3)49+3%+!43!7&+!%∋3743;470!∋)!7&+!6+()Ν49+37470!
ΘτΛ!%.3τ7!9∋!.307&43,τ1!τ?&+−+!46!3∋!);7;−+!)∋−!Ε+τ#!τ?&+−+!46!3∋7&43,!Λ!.Ε!7&43Χ43,τΣ#!
Λ!9∋3Ζ7!Χ3∋Α!&∋Α!7∋!/(.3!]!Ε0!9.4(0!(4)+#!Λ!9∋3Ζ7!Χ3∋Α!Α&.7!7∋!9∋1!Λ!%.3Ζ7!Ε.Χ+!Ε0!Ε4391!Λ!
%.3Ζ71!Λ!%.3Ζ71!6%,∋/4−%2.%∋/1−∀#/8#!Λ!Κ;67!(45+!(4Χ+1!0∋;!Χ3∋Α1!Λ!6(++/!Α.Χ+!;/!+.71!,∋!ς.%Χ!7∋!
6(++/!.39!Α.Χ+!;/#!!∀()(%#∃%/.%∗0−0)(%∗.)%9(#!!∀()(%#∃%/.−∀#/8%−∀∋−%6%∋9%−∀#/:#/8%ο+Ε/&.646!
.99+9θ1!∋&!7∋Ε∋−−∋Α1!Λ!ς+%∋Ε+!(4Χ+!7&46###! Λ!ς+%∋Ε+!7&.7#! Λ! Κ;67!%.3Ζ7!+5+3!7&43Χ!.ς∋;7! 47#!
α39!Λ!3+5+−!7&∋;,&7!.ς∋;7!.307&43,#!Θ_.(+1!_499(+!ϕ.671!<Φ6Σ 
 
! ?&46! 6+%74∋3! &.6! 9+Ε∋367−.7+9! 6∋Ε+! ∋)! 7&+! Α.06! 7&.7! .60(;Ε! 6++Χ+−6! .39! −+);,++6!
+[/+−4+3%+!436+%;−470!7&−∋;,&!7&+!%./.%470!7∋!ς+!∋−!)++(!&;−7#!Γ+∋(4ς+−.(46.74∋31!9+−+,;(.74∋3!.39!
7&+!%∋36+Ξ;+3%+6!∋)!.;67+−470!/∋(4%4+6!&.5+!%∋Ες43+9!7∋!%−+.7+!.!%∋37+[7!43!Α&4%&!.60(;Ε!6++Χ+−6!
.39!−+);,++6!&.5+!ς+%∋Ε+!&4,&(0!/−+%.−4∋;6!/∋/;(.74∋36#!α6!6;%&1!7&+0!&.5+!ς+%∋Ε+!6;ςΚ+%7!7∋!
+[/(∋47.74∋3! ς0! ∋7&+−! .%7∋−6!Α47&43! 7&+! ∃7.7+! Θ+#,#! ,.3,Ε.67+−61! (.ς∋;−! −+%−;47+−61! ;36%−;/;(∋;6!
+Ε/(∋0+−6Σ#!Γ∋7.ς(01! 7&+!Λ)(,∋)#.0∃%Μ#<(∃! −+6+.−%&!&.6!9+Ε∋367−.7+9!&∋Α!7&46!,−∋;/!+[/+−4+3%+!
7.2#+1% ∀0)−! .6! .! %∋36+Ξ;+3%+! ∋)! /&064%.((0! 9+Ε.3943,! Α∋−Χ! +354−∋3Ε+376ϑ!9∋−()#∋+% ∀0)−! .6! .!
%∋36+Ξ;+3%+! ∋)! )43.3%4.((0! +[/(∋47.745+! 7+−Ε6! ∋)! +Ε/(∋0Ε+37! Α&4%&! ∋)7+3! −+6;(7! 43! 9+6747;74∋3ϑ!
&∃1,∀.+.8#,∋+%∀0)−!.6!.!−+6;(7!∋)!7&+4−!)+.−6!∋)!9+/∋−7.74∋3!.39!54∋(+3%+Ρ.ς;6+!Ν!.3!.3[4+70!Α&4%&!46!
∋)7+3!9+(4ς+−.7+(0!Ε∋ς4(46+9!ς0!+Ε/(∋0+−6!7∋!6;ςΚ;,.7+!7&+Ε#!µ∋−!6∋Ε+!7&46!.996!;/!7∋!.!6+36+!∋)!
./−.+.8#,∋+%#/∃(,0)#−1%Θ.!6+36+!∋)!.!(∋66!∋)!%∋3)49+3%+!43!7&+4−!6+()Ν49+37470Σ#!δ+71!9+6/47+!7&+!+[7+37!
!∀ε!
!
∋)!7&+!&;−7!+[/+−4+3%+9!ς0!7&+!−+6+.−%&!/.−74%4/.376!6∋Ε+!7&+4−!.%%∋;376!3∋3+7&+(+66!.(6∋!%∋35+0!
.! 6+36+! ∋)! .,+3%0! Θ6++! );−7&+−! 946%;664∋3! 43!:.47+! +7! .(! <Φ∀ΗΣ#! ?&46! 46! +549+37! 43! 7+−Ε6!∋)! 7&+4−!
.ς4(470!7∋!−+%∋,346+!.39!.−74%;(.7+!7&+!43Κ;674%+6!7&+0!+3%∋;37+−!.39!7&+4−!4Ε/(4%47!−+64(4+3%+!43!7&+!
).%+!∋)!/−+%.−470#!µ∋−!7&+6+!−+6+.−%&!/.−74%4/.376!9+6/47+!.((!7&+!&.−96&4/6!.39!&;−7!7&+0!+3%∋;37+−!
7&+0!%−+.7+!.!6+36+!∋)!−∋;743+!.39!%∋3743;470!43!7&+4−!6∋%4.(!.39!Ε.7+−4.(!+354−∋3Ε+376!.39!−+Ε.43!
6+%;−+! 43! 7&+4−! ∋Α3! 5.(;+6! .39! Ε∋−.(! .ς6∋(;7+6#! Λ3! 7&+! )∋((∋Α43,! 6+%74∋3! Α+! −+)(+%7! ∋3! 7&+!
−+6/∋36+!∋)!7&+!Ε.Κ∋−470!/∋/;(.74∋3!7∋!7&+!/−+6+3%+!∋)!.60(;Ε!6++Χ+−6!.39!−+);,++6!43!7&+!2≅#!!
!
7∀Τ><#∃:∋Β#∃#Υ%,∗?∋∋9%<Β%9∃#>,∗∋>Χ∋∆8<∃∋
Γ+Α!Ε∋9+−3470!.39!/−∋%+66+6!∋)!,(∋ς.(46.74∋3!&.5+!3∋7!∋3(0!ς−∋;,&7!436+%;−470!.39!;3%+−7.4370!7∋!
7&∋6+!Α&∋!+[/+−4+3%+!)∋−%+9!Ε∋ς4(470!6;%&!.61!.60(;Ε!6++Χ+−6!.39!−+);,++61!ς;7!.(6∋!7∋!Ε.Κ∋−470!
%474+36#!Λ3!7&+!∀==Φ6!∗.(ς−.47&!Θ∀==<Σ!6;,,+67+9!7&.7!%∋37+Ε/∋−.−0!Α+67+−3!6∋%4+74+6!(4Χ+!7&+!2≅!
Α+−+!%&.−.%7+−46+9!ς0!.!Ψ%∋37+37+9!Ε.Κ∋−470Ζ!]!Α&∋!Α+−+!+%∋3∋Ε4%.((0!6;%%+66);(!.39!6+%;−+!&.9!
(477(+!43!%∋ΕΕ∋3!Α47&1!∋−!%∋3%+−3!)∋−1!+[%(;9+9!Ε43∋−474+6#!Λ3!7&+!<∀
67
!%+37;−0!δ∋;3,!Θ<ΦΦηΣ!.−,;+6!
7&.7! 7&46! %;(7;−+! ∋)! %∋37+37Ε+37! 46! .! Ε07&#! λ+! /∋4376! ∋;7! 7&.7! 7&+! −./49! 6∋%4.(! .39! +%∋3∋Ε4%!
%&.3,+!7&.7!&.6!%&.−.%7+−46+9!7&+!−+%+37!/.67!&.6!Ε.9+!7&+!Α∋−(9!6++Ε!.!(+66!−+(4.ς(+!∋−!6+%;−+!
/(.%+!)∋−!Ε.Κ∋−470!.6!Α+((!.6!Ε43∋−470!%∋ΕΕ;3474+6#!?&+!,(∋ς.(!9+Ε.39!)∋−!)(+[4ς(+!(.ς∋;−!.39!7&+!
4Ε/.%7!∋)!7&+!%∋37+Ε/∋−.−0!)43.3%4.(!%−4646!&.5+!−+5+−ς+−.7+9!7&−∋;,&!7&+!+Ε/(∋0Ε+37!67−;%7;−+!
/−∋9;%43,! −4643,! (+5+(6!∋)! −+9;39.3%01!.3! 43%−+.6+9!+Ε/&.646!∋3! 6&∋−7! 7+−Ε!%∋37−.%76!.39!/.−7Ν
74Ε+!Α∋−Χ!Α&4%&!43!7;−3!&.5+!%−+.7+9!%&−∋34%!Κ∋ς!436+%;−470!+5+3!.Ε∋3,67!7&+!/−∋)+664∋3.(!Ε499(+!
%(.66#!?&∋6+!(;%Χ0!+3∋;,&!7∋!&.5+!+Ε/(∋0Ε+37!)439!7&+Ε6+(5+6!Α∋−Χ43,!&.−9+−!.39!(∋3,+−!43!Α&.7!
&.6! ς++3! 9+6%−4ς+9! .6! ΨΑ∋−Χ! 437+364)4%.74∋3Ζ! ΘΟ;−%&+((! ∀===Σ#! ?&46! 436+%;−470! .ς∋;7! +%∋3∋Ε4%!
/∋6474∋3!&.6!ς++3!+[.%+−ς.7+9!ς0!.!/−∋%+66!∋)!4394549;.(46.74∋3!Α&4%&!&.6!/(.%+9!7&+!+Ε/&.646!∋3!
.!/−∋%+66!∋)!6+()Ν.%7;.(46.74∋3!43!Α&4%&!4394549;.(6!&.5+!,−+.7+−!%&∋4%+!.ς∋;7!&∋Α!7∋!(45+!7&+4−!(45+6!
!∀ι!
!
ς;7!.−+!.(6∋!43%−+.643,(0!&+(9!−+6/∋364ς(+!)∋−!Ε.3.,43,!7&+!−46Χ6!7&.7!+36;+#!α7!7&+!6.Ε+!74Ε+!9+Ν
7−.9474∋3.(46.74∋3!.39!.!,−∋Α43,!.Α.−+3+66!∋)!7&+!/(;−.(46Ε!∋)!5.(;+6!&.6!Ε+.37!∋(9!436747;74∋36!∋)!
).Ε4(0!%∋ΕΕ;34701!.39!−+(4,4∋3!3∋!(∋3,+−!∋))+−!7&+!6.Ε+!(+5+(6!∋)!%+−7.4370#!?&+!Ε∋9+−3!).Ε4(0!&.6!
ς+%∋Ε+! Ε∋−+! ;367.ς(+! Α47&! −4643,! (+5+(6! ∋)! 945∋−%+! .39! 6+/.−.74∋3! 43! Α&4%&! 7&+! +%∋3∋Ε4%!
3+%+66470! )∋−! 9;.(! %.−++−! ).Ε4(4+6! .39! 7&+! −+/+−%;664∋36! ∋)!Α∋−Χ! 437+364)4%.74∋3! .−+! (4Χ+(0! 7∋! ς+!
%∋37−4ς;7∋−0! ).%7∋−6#! Λ3! 7;−31! 7&+! /−+66;−+6! ∋)! 6;%&! +%∋3∋Ε4%! .39! 6∋%4.(! 7−.36)∋−Ε.74∋36! Χ3∋%Χ!
∋37∋! %∋ΕΕ;3474+6! .6! Α+((! Α47&! /∋/;(.74∋3! %&.3,+! .39! Ε∋ς4(470! .39! +%∋3∋Ε4%! ;3%+−7.4370! .((!
%−+.743,!436+%;−474+6!∋5+−!%∋Ε/+7474∋3!)∋−!−+6∋;−%+6!Θφ.(+3743+!.39!λ.−−46!<Φ∀ΗΣ#!µ.%+9!Α47&!7&+6+!
)∋−%+6!∋)!%&.3,+!7&+!∋3%+!%∋37+37+9!Ε.Κ∋−470!46!.(6∋!ς+6+7!ς0!.!6+36+!∋)!/−+%.−4∋;63+66#!
! ?&46!%∋37+[7!&∋Α+5+−1!&.6!3∋7!/−∋9;%+9!.!−+%∋,3474∋3!∋)!/∋7+374.(!6&.−+9!%∋3%+−36!.ς∋;7!
+%∋3∋Ε4%!436+%;−470!Α47&!Ε43∋−470!,−∋;/6!ς;7!−.7&+−!&.6!%−+.7+9!.3!.3[4+70!.ς∋;7!7&+!7&−+.7!6;%&!
,−∋;/6!Ε4,&7!/∋6+!7∋!Ε.Κ∋−470!,−∋;/6Ζ!.ς4(470!7∋!Ε.437.43!.39!/−∋7+%7!7&+4−!/−454(+,+9!67.7;6!.39!
Α.0!∋)!(4)+!Θ∃45.3.39.3!<ΦΦ∀Σ#!:&4(+!7&+−+!46!+549+3%+!7&.7!+67.ς(46&+9!Ε43∋−470!+7&34%!,−∋;/6!.−+!
43%−+.643,(0! .%%+/7+9! .6! /.−7! ∋)! .!Ε;(74Ν%;(7;−.(! 6∋%4+701! &∋674(470! 7∋! −+%+37(0! .−−45+9! 4ΕΕ4,−.376!
.39!/.−74%;(.−(0!.60(;Ε!6++Χ+−6! 46!,−∋Α43,!Θµ433+0!.39!Τ+.%&!<ΦΦεΣ#!_%∗&++!Θ<ΦΦιΣ!.−,;+6!7&.7!
7&+!&.−6&!3+Α!4ΕΕ4,−.74∋3!.39!3.74∋3.(470!(.Α6!ς−∋;,&7!437∋!7&+!2≅!ς0!>∋&3!_.Κ∋−!.7!7&+!7;−3!∋)!
7&+!<∀
67
!%+37;−0!]!43%(;943,!7&+!∀==<!Α∃1+09%Α,−1!∀==⊥!Α∃1+09%∋/2%699#8)∋−#./%Α,−!]!)∋((∋Α+9!ς0!
6;ς6+Ξ;+37! ,∋5+−3Ε+376Ζ! /&4(∋6∋/&4+6! ∋)! ∋−,.34643,! 4ΕΕ4,−.74∋3! /∋(4%4+6! .−∋;39! .! /−43%4/(+! ∋)!
9+7+−−+3%+!Θµ+Χ+7+!<ΦΦ∀Σ!&.5+!%∋37−4ς;7+9!7∋!%−+.743,!.!%(4Ε.7+!∋)![+3∋Ν−.%46Ε#!?&+!6;6/4%4∋3!.7!
67.7+!(+5+(!.ς∋;7!Α&+7&+−!.60(;Ε!6++Χ+−6!.−+!,+3;43+!∋−!+%∋3∋Ε4%!Ε4,−.376!Ψ6&∋//43,!.−∋;39Ζ!)∋−!
.! ϕ;−∋/+.3! 9+6743.74∋3! Α&4%&! Α4((! ∋))+−! 7&+! ∋/74Ε;Ε! ς+3+)476Ρ6;//∋−7! &.6! %∋37−4ς;7+9! 7∋! 7&+!
674,Ε.746.74∋3!∋)!7&46!,−∋;/!Α&4%&!&.6!ς++3!);+((+9!ς0!43.%%;−.7+!.39!;3ς.(.3%+9!3.74∋3.(!7.ς(∋49!
Ε+94.! −+/−+6+37.74∋36! ∋)! 4((+,.(! 4ΕΕ4,−.376! (4543,! ∋))! 7&+!Α+().−+! 67.7+! Θ∃45.3.39.3! <ΦΦ∀ϑ! ΛΠαΜ!
<ΦΦεΣ#! ! ∃;%&! 946%∋;−6+6! ∋)! 436+%;−470! .ς∋;7! 7&+! (+,474Ε.%0! ∋)! 4ΕΕ4,−.376! 7∋! %(.4Ε! .60(;Ε! .39!
!∀⊥!
!
−+);,++! 67.7;6! Α+−+! +549+37! 43! 7&+! 3.−−.745+6! ∋)! 6∋Ε+! ∋)! 7&+! Ε.Κ∋−470! %474+36! Α&∋! Α+−+!
437+−54+Α+9! )∋−! 7&+! Μ#<#/8% Β#−∀% Ι#∗∗()(/,(! /4(∋7! .39! /−∋Κ+%7#! Λ3! /.−74%;(.−1! Ψ)∋(Χ! 7.(+6Ζ! .ς∋;7! 6∋Ν
%.((+9!Ψς∋,;6Ζ!.60(;Ε!6++Χ+−6!Α+−+!9−.Α3!∋3!7∋! 4((;67−.7+!7&46!;3%+−7.4370!.39!7∋! Κ;674)0!.!9+64−+!
)∋−! 67−4%7+−! −+,;(.74∋3! ∋)! 4ΕΕ4,−.74∋3! 7∋! +[%(;9+! +%∋3∋Ε4%! Ε4,−.376! Α&∋! .−+! /+−%+45+9! 7∋! ς+!
Α∋−Χ43,!4((+,.((0#!!Λ3!7&46!6+36+1!7&+!−+6+.−%&!/.−74%4/.376!.%%∋;376!6;,,+67!.!&∃1,∀.+.8#,∋+%∀0)−%ΝΝ!.!
)+.−!∋)!ς+43,!τ%&+.7+9τ!∋−!.!6+36+!∋)!43Κ;674%+#!!
πΑ&+3!%&4(9−+3!.−−45+!∋3!7&+4−!∋Α3!)−∋Ε!Α.−!7∋−3!%∋;37−4+6π4)!7&+0τ−+!∋3!7&+4−!∋Α31!;39+−!.,+!
∋)! ∀⊥1! Α+! &.5+! .! 9;70! 7∋! Ε.Χ+! 6;−+! 7&∋6+! %&4(9−+3! .−+! %.−+9! )∋−#! Ο;7! 7&+−+τ6! ς++3! 6+5+−.(!
∋%%.64∋36!Α&+−+!7&+−+!Α.6!∋3+!(.9!&+τ9!ς++3!43!6%&∋∋(1!∀ι1!.39!7&+3!&+!Α.6!43!.!%.−!%−.6&#!λ+!
94+9! 43! .! %.−! %−.6&! .39! Α&+3! 47! 7;−3+9! ∋;7! &+! Α.6! .%7;.((0! <∀! 0+.−6! ∋(9! ς;7! &+τ9! ς++3! 43!
Ε.4367−+.Ε!6%&∋∋(!Α47&!%&4(9−+3!;39+−!.,+!∋)!∀⊥π!7&+0τ5+!ς++3! 43!.!6+[;.(!−+(.74∋36&4/!Α47&!
&4Ε#!?&46! 46!Α&+−+!Α+τ−+!.7!.6!.! %∋;37−0ϑ!Α+τ5+!,∋7!;6!&.396! 74+9!ς+%.;6+!Α+τ5+!,∋7! 7∋! 7.Χ+!
Α&.7!/+∋/(+!6.0!.7!).%+!5.(;+#!Λ)!7&+0!7;−3!;/!Α47&!3∋!/./+−6!.39!7&+0!6.0!7&+0τ−+!.!∀ι!0+.−!∋(9!
ς∋0!)−∋Ε!Λ−.Ξ1!7&+0!9∋π!?&.7τ6!Α&.7!.!(∋7!∋)!7&+Ε!&.5+!ς++3!9∋43,!ΘΑ&47+1!Ε.(+1!ΗΦ6Σ#!
!
∃∋Ε+! ∋)! 7&+Ε! ΛτΕ! ∋Χ.0! Α47&1! 7&+! ∋ς54∋;6(0! ,+3;43+! ∋3+6! Α&+−+! Ν! (4Χ+! α),&.36! .39! Λ−.Ξ46#!!
∃∋Ε.(461!Α+((!Ε0!3+[7!9∋∋−!3+4,&ς∋;−τ6! .! ∃∋Ε.(4#! ! Λτ5+!3∋!/−∋ς(+Ε6!Α47&! 7&+Ε!ς+%.;6+! 7&+4−!
%∋;37−0τ6! 43!.! −4,&7! 67.7+! Ν! !Α47&!%454(! 67−4)+!.39!.((! 7&+! −+67!∋)! 47πΟ;7!.6! −+,.−943,! 7&+!.60(;Ε!
6++Χ+−6!7&.7!.−+!ς.64%.((0!+%∋3∋Ε4%!.60(;Ε!6++Χ+−6π!.((!)(∋∋943,!43!7∋!5.−4∋;6!/.−76!∋)!ϕ;−∋/+!
.39!7&+3!7−043,!7∋!Ε.Χ+!7&+4−!Α.0!437∋!7&46!%∋;37−0#!!α6!6∋∋3!.6!7&+0!.−−45+!43!7&46!%∋;37−0!7&+0!
6.0!,45+!;6!.!&∋;6+!.39!,45+!;6!6∋Ε+!Ε∋3+0!Ν!3∋Α!7&.7τ6!7&+!/+∋/(+!Λ!9∋3τ7!.,−++!Α47&π!Λ!Ε+.3!
Α+τ−+!&.543,!+%∋3∋Ε4%!/−∋ς(+Ε6!∋;−6+(5+6!.39!4)!Α+!,+7!∀Φ1ΦΦΦ!+%∋3∋Ε4%!Ε4,−.376!%∋Ε43,!43!
43!∀<!Ε∋37&6!Ν!7&+0τ−+!Α∋−Χ43,!4((+,.((0!Ε∋67!∋)!7&+!74Ε+!ς+%.;6+!7&+0τ5+!%∋Ε+!43!4((+,.((0!###Λ)!
!∀η!
!
7&+0!,+7!Χ4%Χ+9!∋;7!Λτ5+!.ς6∋(;7+(0!3∋!60Ε/.7&0!.7!.((1!Α+τ5+!,∋7!+3∋;,&!/−∋ς(+Ε6!,+7743,!Κ∋ς6!
)∋−!∋;−!∋Α3!/+∋/(+!ΘΑ&47+1!Ε.(+1!⊥Φ6Σ#!
!
! Λ3!/.−74%;(.−1! 437+−54+Α++6! %∋ΕΕ∋3(0! −+/−+6+37+9!.60(;Ε!6++Χ+−6!.6!.!3++90!,−∋;/!Α&∋!
.−+! −+%+4543,!Α+().−+! .39! 6;//∋−7!Α47&∋;7!Α∋−Χ43,! 7∋! %∋37−4ς;7+! 7∋! 7&+! +%∋3∋Ε0!.39! 4Ε/(4%47(0!
7&+−+)∋−+!&.543,!7&+!%./.%470!%.;6+!7&+!Ε.Κ∋−470!/∋/;(.74∋3!9∋−()#∋+%∀0)−#!?&+6+!3.−−.745+6!Α+−+!
67−∋3,(0!/−+94%.7+9!∋3!.!Ε∋ς4(46.74∋3!∋)!.!Τ−∋7+67.37!Α∋−Χ!+7&4%!Α&4%&!9.7+6!ς.%Χ!7∋!7&+!)4−67!.,+!
∋)! 439;67−4.(! %./47.(46Ε! Θ∃+33+77! ∀==βΣ#! ∃+33+77! .−,;+6! 7&.7! 47!Α.6! 43! 7&46! /+−4∋9! 7&.7! 7&+!Ε∋−.(!
5.(;+! ∋)! Α∋−Χ! .39! 4Ε/∋−7.3%+! ∋)! ς+43,! 6+()Ν6;))4%4+371! ! .39! 7&+! %∋36+Ξ;+37! )+.−! ∋)! ς+43,!
;3/−∋9;%745+!.39!9+/+39+371!!ς+%.Ε+!43,−.43+9!43!6∋%4+70!Θ.Ε∋3,67!−4%&!.39!/∋∋−Σ#!?&+!/−43%4/(+!
∋)! )∋−%43,! 7&+! /∋∋−! 437∋! /−∋9;%745+! +Ε/(∋0Ε+37! ς0! .9∋/743,! /;34745+! Ε+.6;−+6! 6;%&! .6! 7&+!
Α∋−Χ&∋;6+! Ε+.37! 7&+6+! 5.(;+6! ς+%.Ε+! +Ες+99+9! 437∋! 7&+! 3.6%+37! Α+().−+! 67.7+#! :−4743,! 43!
∀=βΦ6! Π&.−(+6!_;−−.0! Θ∀=βεΣ! .−,;+9! 7&.7! 7&+! 9+5+(∋/Ε+37! ∋)! .3! ∋5+−! ,+3+−∋;6!:+().−+! ∃7.7+!
%−+.7+9!9+/+39+3%0!.Ε∋3,!7&+!/∋∋−!.39!.!(.%Χ!∋)!Ε∋745.74∋3!7∋!Α∋−Χ!.6!Α+((!.6!%∋37−4ς;743,!7∋!
Α49+−!6∋%4.(!/−∋ς(+Ε6!43%(;943,!%−4Ε+1!.39!43%454(470#!?&46!Ε∋−.(46.74∋3!∋)!Α∋−Χ!&.6!/+−6467+9!437∋!
7&+!<∀
67
!%+37;−0!Α47&! Ψ9+/+39+3%0Ζ!−+/−∋9;%+9!.6!6&.Ε+);(! 43!%∋37+Ε/∋−.−0!/∋/;(.−!.39!/;ς(4%!
946%∋;−6+6! Θφ.(+3743+! .39!λ.−−46! <Φ∀ΗΣ#! ?&46!Α.6! +549+37! 43! 7&+! Μ#<#/8%Β#−∀%Ι#∗∗()(/,(! /4(∋7! .39!
/−∋Κ+%7! 437+−54+Α6! ]! 7&+! −+6+.−%&! /.−74%4/.376! ς+(∋Α! −+/−+6+37! .60(;Ε! 6++Χ+−6! .39! −+);,++6! .6!
−+%+4543,!/−454(+,+9!6;//∋−7!)−∋Ε!7&+!Α+().−+!67.7+!43!%∋37−.67!7∋!7&+!Α∋−Χ43,!/∋/;(.74∋3!Θ+%&∋43,!
64Ε4(.−!Α.06!∋)!∋7&+−43,!/−+54∋;6!,+3+−.74∋36!∋)!4ΕΕ4,−.376Ι!λ∋(Ε+6!∀==ηΣ#!?&46!46!3∋7!∋3(0!.−,;+9!
7∋!ς+!;3).4−!ς;7!.(6∋!7∋!&;−7!Ε.Κ∋−470!%474+36!ς0!7&−+.7+343,!7&+4−!−4,&7!7∋!−+6∋;−%+6!.6!Α+((!.6!7&+!
Ε.7+−4.(!6+%;−470!∋)!).Ε4(0!Ε+Ες+−6!Α&∋!.−+!3∋Α!;3+Ε/(∋0+9!∋−!−+74−+91!&.543,!Α∋−Χ+9!&.−9!.((!
7&+4−! (45+6#! Λ3! 6;%&!Α.061! 7&+! −+6+.−%&!/.−74%4/.376τ!Ε.Χ+! −+(.74∋3.(! %(.4Ε6! %∋Ε/.−43,! 7&+4−! ∋Α3!
6+36+!∋)!Ε.7+−4.(!&;−7!.39!436+%;−470!Α47&!7&+!.//.−+37(0!/.Ε/+−+9!(45+6!∋)!3+Α%∋Ε+−6!Θτ7&+0τ−+!
!∀β!
!
,+7743,!47!&.39+9!∋3!.!/(.7+τ!5!Λ!6++!Ε0!_;Ε!.39!∆.9!67−;,,(43,ϑ!!τ7&+!7.[!0∋;!/.0τ!5!τ7&+0!Κ;67!Α.(Χ!
43!.39!7&43Χ!7&+0!%.3!,+7!)−++!7−+.7Ε+37τϑ!.39!τ!7&+0τ5+!,∋7!7&.7τ!5!τ.((!Λ!,+7!.−+!&.39τ1!%.67!9∋Α36τΣ#!
Α+Ζ5+!Α∋−Χ+9!&.−9! )∋−! 7&46!/(.%+1!0∋;!Χ3∋Α#!Ο+)∋−+!Α+!Ε∋5+9!&+−+1!+5+−07&43,!Α.6!6+%∋39Ν
&.391! 0∋;! Χ3∋Α! +5+3! (4Χ+! 7&+! 6+77++1! οΕ0θ! Ε∋7&+−Ν43Ν(.Α! ,.5+! Ε+! 7&+! 6+77++1! .! (∋7! ∋)! Ε0!
%.−/+76!π!Α+Ζ−+!Α∋−Χ43,!&.−9!.39!47!Ε.Χ+6!0∋;!64%Χ!Α&+3!0∋;!6++!7&+6+!/+∋/(+!7&.7!%∋Ε+!)−∋Ε!
∋7&+−!%∋;37−4+6!.39!,+7!.!&∋;6+1!7&+0Ζ5+!,∋7π!3.Ε+9!/−∋9;%76!∋3!.(−+.901!.39!0∋;Ζ−+!7&43Χ43,!
Α+((!0∋;!Χ3∋Α!Α+!&.5+!7∋!Α∋−Χ!&.−9!0∋;!Χ3∋Α!7∋!.%7;.((0!,+7!Α&.7!Α+!Α.371!0∋;!Χ3∋Α!.39!
−∀(14)(%8(−−#/8%#−%∀∋/2(2%./%∋%&+∋−(!ο+Ε/&.646!.99+9θ#!!?&+3!6%∃((%91%909%∋/2%2∋2%∃−)088+#/81!
.39! 7&.7! −+.((0!Ε.Χ+6!Ε+! 5+−0! .3,−01! 0∋;! Χ3∋Α! 7&.7! 7&+0! .−+! 67−;,,(43,1! Α+Ζ−+! 74%Χ43,! ∋5+−!
34%+(0!ς;7! 0∋;! Χ3∋Α! 7&+0! 67−;,,(+! .(∋3,1! 0+.&#! ο−+)+−−43,! 7∋! −.4643,! 7&+! −+74−+Ε+37! .,+θπτ%∋6!
7&+0Ζ−+!6.043,!.ς∋;7!Ε∋543,!7&+!.,+!;/1!Α+((!Λ!7&43Χ!7&.7Ζ6!67;/49!ς+%.;6+!7&+0!Ε∋5+!7&+!.,+!;/!
7∋!6+5+370!)∋−!(4Χ+!.!Ε.3!∋−!64[70!)45+!)∋−!.!Α∋Ε.31!0∋;!Χ3∋Α!(4Χ+!.!)−4+39!∋)!&+−61!&+!−+74−+9!.7!
64[70!)45+1!.!)+Α!Ε∋37&6!(.7+−!&+!94+9!∋)!%.3%+−1!.39!&+Ζ6!Α∋−Χ+9!.((!&46!(4)+!ΘΑ∋Ε.31!Α&47+1!εΦ6Σ#!
!
Α&0! .−+! 7&+0! /.−74%;(.−(0! %∋Ε43,! 7∋! Ο−47.43∴! !:&0!9∋! 7&+0! %−∋66! .((! 7&∋6+! ∋7&+−! %∋;37−4+6! 43!
∋−9+−!7∋!,+7!&+−+∴!!Λ6!47!ς+%.;6+!Α+!9∋!&.39!∋;76!π∴!!Λ7Ζ6!6∋!+.60!)∋−!7&+Ε!π!47!46!6∋!+[/+3645+!
7∋! (45+! 43!7&46!%∋;37−01!−∀(%−∋=%1.0%&∋1! )∋−!%∋;3%4(!7.[1!7&+!φα?1!+5+−07&43,!.39!0∋;!Χ3∋Α!0∋;!
Α.37!7∋!6++!6∋Ε+7&43,!)∋−!7&.7!Ε∋3+01!0∋;!Α.37!7∋!6++!6∋Ε+7&43,!43!0∋;−!∋Α3!%∋ΕΕ;3470###οΛθ)!
6∋Ε+ς∋90!0∋;!Χ3∋Α!∋−!.!Ε+Ες+−!∋)!7&+!).Ε4(0Ζ6!,∋7!7∋!Α.47!7Α∋!0+.−6!7∋!,+7!.3!∋/+−.74∋31!.39!
0+7! /+∋/(+! .−+! %∋Ε43,! 437∋! 7&46! %∋;37−0! ###∃∋Ε+7&43,! .%7;.((0! 7&.7! .33∋0+9!Ε0! /.−73+−! 7&+!
∋7&+−! 9.01! &+! Α+37! 7∋! 7&+! 9+37467! .39! 7&+−+! Α.6###! .3! .60(;Ε! 6++Χ+−! %∋Ε+! 43! )∋−! 9+37.(!
7−+.7Ε+37!###Λ!7&43Χ!Ε0!/.−73+−!Α.6!Ξ;47+!Ε.9!.ς∋;7! 471!ς+%.;6+!&+!6.49!−∀(1%Ε0∃−%Β∋+:% #/%∋/2%
−∀#/:%−∀(1%,∋/%8(−%∗)((%2(/−∋+%−)(∋−9(/−!ο+Ε/&.646!.99+9θ!ΘΑ∋Ε.31!Α&47+1!εΦ6Σ!
!
!∀=!
!
Α&+3!Λ!Α.6!.7!6+%∋39.−0!6%&∋∋(1!7&+!.60(;Ε!6++Χ+−6!7&.7!%.Ε+!∋5+−1!7&+0!,∋7!6∋!Ε.30!π!.!,;0!
%.Ε+! 43!Α47&! (4Χ+! 7Α∋!&;39−+9!/∋;396! 43! &46! /∋%Χ+7! .39! .!Ε∋ς4(+! /&∋3+! .39! 0∋;! 7&43Χ! .39!
1.04<(% 8.−% −∀∋−! ς;7! Λ! 9∋3Ζ7! ,+7! .30! ∋)! 7&.7#! δ∋;! Χ3∋Α!Ε0! /.−+3761! 7&+0Ζ−+! Α∋−Χ43,1! 7&+0Ζ−+!
/.043,!7&+4−! 7.[+6!0∋;!Χ3∋Α!70−% 6%8(−%∀∋/2>%,∋∃−%2.Β/∃%∋++% −∀(%−#9(% ! ο+Ε/&.646!.99+9θ! ! )−∋Ε!
Ε;Ε!.39!9.9! .39! (4Χ+! 7&+4−! ∋(9!/&∋3+6! .39! 67;))! .39! 7&43,6! (4Χ+! 7&.71! .39! 7&+0! Κ;67! %.3! ,+7!
7&+Ε!ΘΑ∋Ε.31!Α&47+1!<Φ6Σ#!
!
! Λ3!%∋37−.67!7∋!7&∋6+!Α&∋!.−74%;(.7+9!7&+4−!6+36+!∋)!&;−7!7&−∋;,&!7&+!(+36!∋)!7&+!6+()!∋−!Χ47&!
.39!Χ43!∋7&+−!−+6/∋39+376Ζ!3.−−.745+6!∋)!43Κ;674%+!Α+−+!)−.Ε+9!43!7&+!%∋37+[7!∋)!7&+!3.74∋3#!λ+−+1!
7&+0! −+/−+6+37+9! .60(;Ε! 6++Χ+−6! .6! .! 7&−+.7! 7∋! Ε∋−+! Ψ9+6+−543,Ζ! Ψ5;(3+−.ς(+Ζ! ∋−! Ε.−,43.(!
/∋/;(.74∋36!43!7&+!2≅!Θ43%(;943,!&∋Ε+(+66!/+∋/(+1!;3+Ε/(∋0+91!%&4(9−+3!+7%Σ!Α47&!Α&∋Ε!7&+0!.−+!
/+−%+45+9! 7∋! ς+! 43! %∋Ε/+7474∋3!Α47&! )∋−! .%%+66! 7∋! (4Ε47+9! −+6∋;−%+6#! α(7&∋;,&! 7&+−+!Α.6! .(6∋! .!
3∋7.ς(+!;3%∋Ε)∋−7.ς(+3+66!∋−!9+)+3645+3+66!.ς∋;7!7&+!Α.0!6∋Ε+!437+−54+Α++6!−.74∋3.(46+9!7&+4−!
54+Α6! ΘΛτΕ! 6∋−−0τϑ! τ?&+0Ζ−+!Ε.0ς+1!Ε.0ς+!3∋7!;39+6+−543,τϑ! τ7−0! .39! 6∋−7! 7&+!&∋Ε+(+66!∋;7! )4−671!
.39!7&+3!Α+(%∋Ε+!7&+!.60(;Ε!6++Χ+−6! 43τΣ!Α&4%&!6;,,+676!.3! 436+%;−470!.ς∋;7!5∋4%43,!/−+Κ;94%+6!
.39!%∋36+Ξ;+37(0!.ς∋;7!7&+4−!∋Α3!6+36+!∋)!Ε∋−.(!5.(;+6!.39!49+37474+6
44
#!!
:&+3!0∋;Ζ5+!,∋7!.60(;Ε!6++Χ+−6!7&.7!.−+!%∋Ε43,!43!.39!7&+0Ζ−+!,45+3!.!&∋;6+!67−.4,&7!.Α.01!6∋!
0+.&!Λ!7&43Χ!7&+!∗∋5+−3Ε+37!&.5+!,∋7!7∋!/;7!7&+4−!)∋∋7!9∋Α3!.39!6.0!3∋!649%∃.))1Ο649%∃.))1!ς;7!
Β(4<(% 8.−% &(.&+(% ./% −∀(% ∃−)((−∃% .0)∃(+<(∃! ο+Ε/&.646! .99+9θ! 3∋Α1! ∋;−! &∋6/47.(6! .−+! ,+7743,!
%&∋%Χ+−!ς(∋%Χ###7&+!Α.4743,! (467! 46!,+7743,!ς+0∋39!.! Κ∋Χ+1!Α+!%.3Ζ7!%∋/+!Α47&!.30!Ε∋−+!/+∋/(+!
%∋Ε43,!43#!δ+.&1!Λ!7&43Χ!+5+−0ς∋90!3++96!7∋!(∋∋Χ!.)7+−!7&+4−!∋Α3!ς+)∋−+!7&+0!67.−7!∋3!7.Χ43,!∋3!
∋7&+−61! .39! Λ! 7&43Χ!Α47&! 7&+6+! .60(;Ε! 6++Χ+−6! %∋Ε43,! 431! Α+! %.3Ζ7! 9∋! 7&.71! ς+%.;6+! 7&+0Ζ5+!
7.Χ+3!∋5+−!+5+−07&43,!+(6+1!.((!7&+!&∋Ε+6!7&.7!.−+1!0∋;!Χ3∋Α!6;//∋6+9!7∋!ς+!)∋−!/+∋/(+!43!7&46!
%∋;37−0!###3∋7!/+∋/(+!7&.7!&.5+!Κ;67!ς++3!ς−∋;,&7!437∋!7&+!%∋;37−0#!!ΘΑ∋Ε.31!Α&47+!εΦ6Σ!
!
!<Φ!
!
7&+−+Ζ6!/+∋/(+!Λ!Χ3∋Α!Α47&!%&4(9−+3!43!∋3+!ς+9−∋∋Ε1!∋−!7Α∋!ς+9−∋∋Ε6!.39!7&+0Ζ5+!,∋7!(4Χ+!7Α∋!
∋−!7&−++!Χ496!Α&∋!.−+!ς∋−3!.39!ς−+9!&+−+1!0∋;!Χ3∋Α!/−∋ς.ς(0!Α∋−Χ+9!∋−!7&+4−!).Ε4(0Ζ6!.(Α.06!
Α∋−Χ+9!∋−!Α&.7+5+−1!6∋!Α&0!6&∋;(9!7&+0!674((!ς+!67;%Χ!(4Χ+!7&+Ε1!.39!7&+0!Κ;67!%∋Ε+!###7&+0!,45+!
7&+Ε!ο7&+!.60(;Ε!6++Χ+−6θ!7&+!ς−.39!3+Α!&∋;6+61!,.−9+31!,.−.,+!.39!+5+−07&43,!+(6+π!∀(14)(%
9∋17(>%9∋17(%/.−%0/2(∃()<#/8!ο+Ε/&.646!.99+9θ1!47Ζ6!Κ;67!7&.7!Λ!7&43Χ!/−∋ς.ς(0!7&+!/+∋/(+!7&.7!
.−+!ς∋−3!.39!ς−+9!.39!(45+9!7&+−+1!/−∋ς.ς(0!9+6+−5+!47!Ε∋−+!!!ΘΑ∋Ε.31!Α&47+!ΗΦ6Σ!
!
Α+((!Ε0!54+Α!46!7&.7!4)!7&+−+Ζ6!−∋∋Ε!43!7&+!%∋;37−01!0+.&1!ς;7!Ε0!/∋437!∋)!54+Α!46!###7&+−+Ζ6!.!(∋7!
∋)!&∋Ε+(+66! 43!7&46!%∋;37−0!.39!,+7!7&+!&∋Ε+(+66!6∋−7+9!∋;7!π!−)1%∋/2%∃.)−%−∀(%∀.9(+(∃∃%.0−%
∗#)∃−>%∋/2%−∀(/%Β(+,.9(%−∀(%∋∃1+09%∃((:()∃%#/!!ο+Ε/&.646!.99+9θΘΑ∋Ε.31!Α&47+!εΦ6Σ!
! ?&+!%∋33+%74∋3!ς+7Α++3!/(.%+!.39!49+37470!Α.6!7&+!6∋;−%+!∋)!Ε.30!%∋3%+−36!∋5+−!.60(;Ε!
6++Χ+−6!Α47&!/.−74%4/.376!.−74%;(.743,!.! Π∃&∋−#∋+%∀0)−Π%ς0!9+6%−4ς43,%.60(;Ε!6++Χ+−6!.6!.!7&−+.7!3∋7!
∋3(0!7∋!7&+4−!∋Α3!49+37474+6!ς;7!.(6∋!7∋!7&∋6+!∋)!7&+!%∋ΕΕ;3474+6!43!Α&4%&!7&+0!(45+#!λ+−+1!%(.664%!
6/.74.(!5∋%.ς;(.−4+6!∋)!/−+Κ;94%+!τ)(∋∋943,τ!τ∋5+−)(∋Α43,τ1!!435.943,Ζ1!.39!Ψ7.Χ43,!∋5+−Ζ!Α+−+!;6+9!7∋!
+[/(.43!/.−74%4/.376τ!436+%;−474+6!.ς∋;7!7&+!%;−−+37!.39!/∋7+374.(!);7;−+!4Ε/.%7!∋)!3+Α!.−−45.(6!∋3!
7&+! /&064%.(! .//+.−.3%+! .39! 3∋−Ε.(! −∋;743+61! .39!Α.06! ∋)! (4)+! ∋)! (∋%.(! %∋ΕΕ;3474+6! Θ%)#! ∃4ς(+0!
∀==ιϑ!φ.(+3743+!<Φ∀ΦΣ#!!
α60(;Ε!6++Χ+−61!Α+!.((!.,−++!7&.7! −+.((0! )(.−+6!Ε0!Ε;Ε!;/###!+6/+%4.((0!Α&+3π!0∋;!Χ3∋Α!7&+!
∗∋5+−3Ε+37!.−+!(+7743,!6∋!Ε.30!43!&+−+!.39!7&+0Ζ−+!/;7743,!7&+Ε!&+−+1!7&+−+!.39!+5+−0Α&+−+1!
.39!3∋7!.6Χ43,!Α&.7!7&+!/+∋/(+!Α.37##?&46!/(.%+! 46!,+7743,!ς4,!+3∋;,&!.6! 47! 461! #−%Β∋∃%∋% +.<(+1%
+#−−+(%&+∋,(!70−%−∀(14)(%70#+2#/8%9.)(%∋/2%9.)(%∀.0∃(∃%−∋!%∋/+!Α47&!7&+!∋5+−)(∋Α!∋)!ο3.Ε+!∋)!
3+.−ς0!Π470!−+Ε∋5+9θ!.39!/.Β%−∀(14)(%7)#/8#/8%∋∃1+09%∃((:()∃%#/!ο+Ε/&.646!.99+9θ!47Ζ6!,∋43,!7∋!
,+7!+5+3!Α∋−6+1! 7&+0Ζ−+! 7&43Χ43,!∋)! 43! 74Ε+πα39! ο3.Ε+!∋)! 7&+! −;−.(! %∋ΕΕ;3470! 43!Α&4%&! 6&+!
!<∀!
!
(45+6θ! 7&+0! −+%Χ∋3! 7&.7! 43! 74Ε+! 7&+0Ζ((! &.5+! 7∋! ς;4(9! 7&.7!Ε.30! &∋;6+61! 7∋! %∋/+!Α47&! .39! 47Ζ6!
,∋43,!7∋!ς+!(4Χ+!.!7∋Α3!ΘΑ∋Ε.31!Α&47+!εΦ6Σ#!
!
! Λ3! 6∋Ε+! %.6+61! 7&+! /∋7+374.(! ∋)! .60(;Ε! 6++Χ+−6! 7∋! 7&−+.7+3! 7&+! 6+%;−470! ∋)! 7&+! 6+77(+9!
%∋ΕΕ;3470!Α.6!.−74%;(.7+9!3∋7!∋3(0!43!7+−Ε6!∋)!Ε.7+−4.(1!/60%&∋(∋,4%.(!.39!6/.74.(!&;−76!ς;7!.(6∋!
(47+−.((0!.6!.!/∋7+374.((0!7.2#+1%∀0)−%.6!/+−/+7−.7∋−6!∋)!%−4Ε+!.39!54∋(+3%+1!3.Ε+(0!7&.7!∋;−!ς∋94+6!
Ε.0!ς+!9+)4(+9!∋−!&;−7!ς0!7&+4−!ς∋94+6!Θ439++9!.6!Γ∋[∋(∋!.−,;+6!43!7&46!466;+1!6+%;−4746.74∋3!43!7&+!
%∋37+[7!∋)!/∋67!=Ρ∀∀!7+−−∋−46Ε!&.6!Ε∋−+!ς−∋.9(0!/−∋9;%+9!.39! (+,474Ε46+9! !.60(;Ε!6++Χ+−61!.39!
+5+3!Ε4,−.3761!.6!437−4364%!7&−+.76!7∋!7&+!6.)+70!∋)!7&+!3.74∋3Σ#!?&+6+!/+−%+/74∋36!∋)!7&−+.7!−+/+.7!
%∋ΕΕ∋3! 7&+Ε+6! 43! 7&+! 3.74∋3.(! 7.ς(∋49! Ε+94.! .39! /;ς(4%! 946%∋;−6+6! Α&4%&! −+/−+6+37! .60(;Ε!
6++Χ+−6!.6!9+54.37!Θ8+Α46!<ΦΦιΣ#!?&46!46!9+6/47+!7&+!).%7!7&.7!47!46!Ε∋−+!%∋ΕΕ∋3(0!.60(;Ε!6++Χ+−6!
Α&∋!.−+!7&+!54%74Ε6!∋)!&.−.66Ε+37!.39!54∋(+3%+!)−∋Ε!Ε.Κ∋−470!/∋/;(.74∋36#!
Λ!Ε+.3!Ε0! )−4+39! (45+6! 43! ο/(.%+! −+Ε∋5+9θ!π!.39! ΛΖ9! 6.0!&+Ζ6! 9+)4347+(0! /−+Κ;94%+9! 7∋! .60(;Ε!
6++Χ+−61!ς;7!Λ!Ε+.3!&+Ζ6!6++3!Ε.7+6!ς++3!ς+.7+3!;/!ς0!/+∋/(+!)−∋Ε!.3∋7&+−!%−++9!6∋!7&.7Ζ61!
&+Ζ6!Κ;67!7.Χ+3!7&.7!∋3!).%+!5.(;+#!!!ΘΕ.31!Α&47+1!<Φ6Σ#!
!
###7&+!ς4,,+67!9+ς.7+6!7&.7!Α+!&.5+!43!7&46!&∋;6+1!.ς∋;7!4ΕΕ4,−.74∋31!.ς∋;7!7&+!6∋%4.(!9+%(43+!∋)!
.−+.6π! :&+3! 0∋;τ5+! ,∋7! .! ,∋5+−3Ε+37! 7&.7τ6! 6∋! (.[! .39! 47! Κ;67! .((∋Α6! ∋;−! ς∋−9+−6! 7∋! ς+!
∋5+−−;3#! Λ! 7&43Χ! 7&+0!Α+−+! 6.043,! 7&+−+τ6! 6∋Ε+7&43,! (4Χ+! ⊥ΦΦ1ΦΦΦ! 4((+,.(! 4ΕΕ4,−.376! .39! 7&+0!
9∋3τ7!Χ3∋Α!Α&+−+!7&+0!.−+!.7!7&+!Ε∋Ε+37#!?&.7τ6!;36+77(43,!ς+%.;6+!Α&.7!7&+0τ−+!9∋43,!46!7&+0!
9∋3τ7!Χ3∋Α!Α&+−+!7&+6+!/+∋/(+!.−+#!α−+!7&+0!Α∋−Χ43,1!.−+!7&+0!∋;7!−∋ςς43,#!:&+−+!.−+!7&+01!
Α&.7!.−+!7&+0!9∋43,#!?&.7!.,.43!%.;6+6!.!(∋7!∋)!7+364∋3∴!ΘΕ.(+1!Α&47+1!ΗΦ6Σ!
!
! ∃/+%4)4%.((01!Α∋Ε+3!−+6/∋39+376!+[/−+66+9!/+−6∋3.(!436+%;−470!43!−+(.74∋3!7∋!Ε.(+!.60(;Ε!
6++Χ+−6#!?&+6+!Ε+3!Α+−+!−+/−+6+37+9!.6!%∋Ε43,!)−∋Ε!%;(7;−.((0!Ψς.%ΧΑ.−9Ζ!6∋%4+74+6!43!−+(.74∋3!7∋!
!<<!
!
7&+!2≅!43!7+−Ε6!∋)!7&+4−!6∋%4.(!/−.%74%+6!43!/;ς(4%!6/.%+!Θ6;%&!.6!Α∋()!Α&467(43,Σ!7&.7!.−+!∋;7!∋)!67+/!
Α47&! %∋37+Ε/∋−.−0! +Ξ;.(470! (.Α6! .39! 3∋−Ε6! ∋)! 6∋%4.(! ! ς+&.54∋;−! 43! 7&+! 2≅#! Λ3! 7&46! Α.0! Ε.(+!
.60(;Ε! 6++Χ+−6! Α+−+! (47+−.((0! Θ43! 7&.7! Ε43∋−! )∋−Ε6! ∋)! 54∋(+3%+! 6;%&! .6! Α∋()! Α&467(43,! .−+!
946%;−645+(0!(43Χ+9!7∋!Ε.Κ∋−!)∋−Ε6!∋)!54∋(+3%+!(4Χ+!−./+Σ!.39!Ε+7./&∋−4%.((0!Θ&.543,!%;(7;−.(!54+Α6!
7&.7!9∋!3∋7! −+%∋,346+!Α∋Ε+3Ζ6! −4,&76!.39!Ε4,&7! 7&+−+)∋−+! 7&−+.7+3!Α∋Ε+3Ζ6!+Ξ;.(470Σ! .6%−4ς+9!
Α47&!7&+!%./.%470!7∋!&;−7!Α∋Ε+3!Θ%)#!∆Ζχ3∋)−4∋!.39!_;3Χ!<ΦΦεϑ!φ.(+3743+!<Φ∀ΦΣ# !
ΛΖ5+!3+5+−!+5+−!Ε+7!.60(;Ε!6++Χ+−6###!43!.!6∋%4.(!647;.74∋3###Ε0!∋3(0!−+.(!+[/+−4+3%+!%∋Ε+6!)−∋Ε!
7&46!6&∋/!7&.7!Λ!Ε+374∋3+9!Α&+−+!Λ!;6+9!7∋!Α∋−Χ1!Α.6!∋//∋647+!.!%.)υ!43!7&+!%+37−+!∋)!ο3.Ε+!∋)!
7∋Α3!−+Ε∋5+9θ.39!Α+!;6+9!7∋!6∋−7!∋)!,∋!∋5+−!.39!,+7!%;/6!∋)!7+.!.39!67;))!)−∋Ε!7&46!%.)υ!.39!
7&+−+!Α∋;(9!ς+1!.!(∋7!∋)!74Ε+!7&+−+Ζ9!ς+!(.−,+!,−∋;/6!∋)!Λ!9∋3Ζ7!Χ3∋Α1!7&+!≅∋6∋5.3!∋−!Α&.7+5+−!
%∋;37−0!7&+0!Α+−+!)−∋Ε#!?&+−+Ζ9!ς+!(.−,+!,−∋;/6!∋)!,;061!43!7&+−+1!.39!0∋;!∋3(0!&.9!7∋!6∋−7!∋)!
,∋! 3+.−! 7&+Ε1! .39! 7&+0Ζ9! .((! ς+! %.%Χ(43,! .39!Α&467(43,! .39! 6∋−7! ∋)! 6.043,! Ξ;47+1! 3∋7! +[.%7(0!
∋))+3645+1!5+−0!)∋−Α.−9!67;))!7&.7!0∋;1!7&+!Χ439!0∋;Ζ9!+[/+%7!7+3!0+.−6!.,∋!∋−!7Α+370!0+.−6!.,∋!
)−∋Ε!,;06!)−∋Ε!7&46!%∋;37−0#!Λ!)++(!Α+Ζ5+!6∋−7!∋)!Ε∋5+9!/.67!7&.7###!.39!3∋Α!Α+Ζ5+!,∋7!/+∋/(+!
%∋Ε43,!7∋!7&46!%∋;37−0!Α47&!.!94))+−+37!.7747;9+1!7&+0!7&43Χ! 47Ζ6!∋Χ.0!7∋!9∋!7&.71!.39! 47!Χ439!∋)!
6&∋%Χ6!Ε+!ς+%.;6+!Λ!7&∋;,&7!Α+Ζ9!Ε∋5+9!/.67!7&.7π6∋!Λ!9∋!7&43Χ!4)!Λ!9∋!6++!6∋Ε+7&43,!7&.7!)476!
7&.7!Χ439!∋)!.7747;9+!Λ!9∋!)++(!.!ς47!7&−+.7+3+9#!!!ΘΑ∋Ε.31!Α&47+1!<Φ6Σ!
!
! Λ3! 6;Ε1! 7&46! 6+%74∋3!&.6!9+Ε∋367−.7+9! 7&.7! 7&+!Ε.Κ∋−470!/∋/;(.74∋3!]!∋3%+!/−+6+37+9!.6!
%∋37+37+9!]!46!ς+6+7!ς0!436+%;−474+6!.6!.!/−∋9;%7!∋)!7&+!+%∋3∋Ε4%!.39!6∋%4.(!7−.36)∋−Ε.74∋36!Α&4%&!
%&.−.%7+−46+!3+Α!Ε∋9+−3470#! Λ3!7&46!%∋37+[71!.60(;Ε!6++Χ+−6!.39!−+);,++6!&.5+!ς+%∋Ε+!.!%(.664%!
Ψ)∋(Χ!9+54(Ζ!ΘΠ∋&+3!∀=η<Σ!ς(.Ε+9!.6!.!%.;6+!∋)!7&+6+!&;−761!Α&4%&!43%(;9+!&∃1,∀.+.8#,∋+%∀0)−!Θ)+.−!
∋)!ς+43,!%&+.7+9Σ1!9∋−()#∋+%∀0)−!Θ;3Κ;67!.((∋%.74∋3!∋)!−+6∋;−%+6Σ1!∃&∋−#∋+%∀0)−!Θ7&−+.7!∋)!%&.3,+!7∋!
%∋ΕΕ;3474+6Σ!.39!7.2#+1%∀0)−%Θ)+.−!∋)!54∋(+3%+!.39!9+)4(+Ε+37Σ#!?&+6+!436+%;−474+6!.−+!3.−−.7+9!ς0!
Ε.Κ∋−470!%474+36!.6!/+−6∋3.(!43!7+−Ε6!∋)!7&+!7&−+.76!7&+0!/+−%+45+!.60(;Ε!6++Χ+−6!7∋!/∋6+!7∋!7&+4−!
!<Η!
!
∋Α3! (45+(4&∋∋961! .39! 7&+4−! 6;−−∋;3943,! 6∋%4.(! .39! Ε.7+−4.(! +354−∋3Ε+376#! δ+71! 7&+0! .−+! .(6∋!
.−74%;(.7+9!7&−∋;,&!7&+!(+36!∋)!7&+!3.74∋31!43!Α&4%&!7&+!2≅!]!.39!6/+%4)4%.((0!476!.ς4(470!7∋!6;//∋−7!
&.−9!Α∋−Χ43,!Ε.Κ∋−470!%474+36!.39!Ψ9+6+−543,Ζ!5;(3+−.ς(+!%∋ΕΕ;3474+6!Α47&43! 47!]! 46!−+/−+6+37+9!
.6!;39+−! 7&−+.7#! Λ3! 7&46! 6+36+1! 7&+!&;−7!+[/−+66+9!ς0!∋;−!Ε.Κ∋−470! −+6/∋39+376! −+/−+6+376!Α&.7!
∆.−(43,! Θ<Φ∀ΦΙ∀ΗεΣ! &.6! 9+6%−4ς+9! .6! .! ΥΘ−+Σ.66+−74∋3! ∋)! .! 3.74∋3.(! (∋,4%! ∋)! 7+−−47∋−4.(46+9!
/−4∋−4746.74∋3!.39!%∋3%+−3Ω#!:&+−+.6!6∋Ε+!∋)!7&+!.60(;Ε!6++Χ+−6!.39!−+);,++6!43!7&+!)4−67!6+%74∋3!
+[/−+66+9!.!6+36+!∋)!.,+3%0!43!7+−Ε6!∋)!7&+4−!−+64(4+3%+!.39!.!6+36+!∋)!6+%;−470!43!7&+4−!∋Α3!6+()Ν
49+37474+6!.39!Ε∋−.(!5.(;+61! 7&+!+549+3%+!∋)! 7&46! 6+%74∋3! 46! 7&.7!Ε.30!∋)! 7&+!Ε.Κ∋−470! 437+−54+Α6!
Α+−+!6;,,+6745+!∋)!.!(.%Χ!∋)!.,+3%0#!λ+−+1!7&+!−+6+.−%&!/.−74%4/.376!4Ε/(4%47!946%∋Ε)∋−7!.7!5∋4%43,!
7&+4−! /−+Κ;94%+6! 46! 6;,,+6745+!∋)! .! (.%Χ!∋)! %∋3)49+3%+! 43! 7&+4−! ∋Α3!Ε∋−.(! 5.(;+6! .39!;3%+−7.4370!
.ς∋;7!7&+4−!6∋%4.(!+354−∋3Ε+376# 
∋
Π∋9>/#∃#Β∗∋>Χ∋Β>≅9∀∗∗#>,?∋Β>,Β/8∗#>,∋∋
λ.543,!9−.Α3!∋;7!7Α∋!;39+−67.3943,6!∋)!7&+!%./.%470!7∋!&;−7!]!ς∋7&!7&+!.ς4(470!7∋!7(%.)%∗((+!&;−71!
.39!7&+!.%7!∋)!2.#/8%&;−7!7∋!∋7&+−61!Α+!.−,;+!7&.7!.!6&.−+9!−+%∋,3474∋3!∋)!Α&.7!47!Ε+.36!7∋!∗((+!
&;−7!Θ4#+#!ς∋94(01!Ε.7+−4.(1!/60%&∋(∋,4%.(1!6/.74.(!.39!∋37∋(∋,4%.(Σ!]!∋+7(#−%−.%<()1%2#∗∗()(/−%(=−)(9(∃%
∋/2%Β#−∀%<()1%2#∗∗()(/−% ,./∃(Η0(/,(∃! ΝΝ! !Ε4,&7!ς+!Ε∋ς4(46+9!/∋(474%.((0! 7∋!%&.((+3,+! 7&+!9∋43,!∋)!
&;−7! 7∋! ∋7&+−6#! ∃/+%4)4%.((01! ∋;−! +Ε/4−4%.(! −+6+.−%&! 6&∋Α6! 7&.7! Α&4(+! ς∋7&! 7&+! .60(;Ε!
6++Χ+−6Ρ−+);,++6! .39! 7&+! Ε.Κ∋−470! %474+36! 437+−54+Α+9! )∋−! 7&+! Λ)(,∋)#.0∃% Μ#<(∃! .39! 845+9!
Ι#∗∗()(/,(! −+6+.−%&! /−∋Κ+%76! /+−%+45+! 7&+Ε6+(5+6! 7∋! )++(! &;−7! ς0! 7&+! ∋7&+−! ,−∋;/! 3∋3+7&+(+66!
3+47&+−!,−∋;/! −+%∋,346+6! 7&+!Α.0! 7&+0!.−+!/+−%+45+9! 7∋!9∋!&;−7! 7∋!∋7&+−6#! Λ39++91! 7&+! −+6+.−%&!
.(6∋! 6;,,+676! 7&.7! Ε.Κ∋−470! ,−∋;/! 4394549;.(6! %.3! ∋)7+3! .%7! 43! %∋Ε/.664∋3.7+! Α.06! 7∋Α.−96!
5;(3+−.ς(+! 4394549;.(6! 43!+5+−09.0! (4)+!9+6/47+!&∋(943,!3+,.745+!54+Α6!.ς∋;7!.60(;Ε!6++Χ+−6!.39!
−+);,++6!.6!.3!.ς67−.%7!,−∋;/#!?&46!Α.6!−+)(+%7+9!43!7&+!.%%∋;376!∋)!ς∋7&!7&+!Ε.Κ∋−470!,−∋;/!.39!
.60(;Ε!6++Χ+−6#!
!<ε!
!
_0!3+[7!9∋∋−!3+4,&ς∋;−1!6&+τ6!∃∋Ε.(4!Ν!6&+!949!7+((!Ε+!Α&4%&!−+(4,4∋3!6&+!46!Ν!!6&+!.6Χ+9!Ε+!
43!∋3!µ−49.0!+5+343,!7∋!&.5+!.!,∋!.7!,+7743,!&+−!7+(+5464∋3!Α∋−Χ43,!ς+%.;6+!6&+τ9!ς∋;,&7!
7&46!3+Α!7+(+5464∋3!.39!6&+!%∋;(93τ7!6++Ε!7∋!,+7!47!7∋!Α∋−Χ1!%∋;(93τ7!,+7!.30!/4%7;−+!∋3!47#!!
Γ∋Α!7&+!/(.%+!6Ε+(7!5+−0!67−∋3,(0!∋)!%;−−0!70/+!)∋∋961!3∋Α!ΛτΕ!.((+−,4%!7∋!7&.7!70/+!∋)!)∋∋9!
6∋! Λ! %.3τ7! +.7! 471! ς;7! Λ!Α.6! 7∋(+−.37! +3∋;,&! 7∋! ,∋! 43! .39!&.5+!.! ,∋#!!α6! 47!Α.6! 7&+−+!Α.6!
3∋7&43,! Λ! %∋;(9! 9∋1! 7&+! 7+(+5464∋3! 3++9+9! .! 9+%∋9+−1! ς;7! 7&.7τ6! ς+649+! 7&+! /∋4371! Λ! Α.6!
7∋(+−.37!+3∋;,&!7∋!,∋!43!.39!&.5+!.!,∋1!+5+3!7&∋;,&!Λ!Α.37+9!7∋!,+7!∋;7!∋)!7&+−+!.6!6∋∋3!
.6!Λ!%∋;(9!ς+%.;6+!∋)!7&+!6Ε+((!∋)!7&+!%;−−0!ΘΕ.(+1!Α&47+#!⊥Φ6Σ!
!
!ο7.(Χ43,!.ς∋;7!).%7∋−0!Α∋−Χ!/(.%+θ!?∋!ς+!&∋3+67!∋3+1!7&+−+!Α.6!∋3+1!+5+−0ς∋90!Α.6!34%+1!
+6/+%4.((0!∋3+!(.90!Α.6!7&+−+!Α&4%&!46!∋(9!.6!Ε0!Ε;Ε#!∃&+!Α.6!5+−0!5+−0!34%+!7∋!Ε+!.39!
.(Α.06! −+.((01!ς+%.;6+!Α+!Α∋−Χ+9!7∋,+7&+−! Λ! 7−4+9! 7∋!&+(/!&+−1!ς+%.;6+! Λ! −+6/+%7!&+−! 7∋∋!
Ε;%&#! ο+947θ! ϕ5+3! 43! ϕ3,(.391! Λ! %.3! 6++! Ε.30! 34%+! /+∋/(+! Α&∋! 46! 5+−0! π#! 0∋;! Κ;67!
+3Κ∋0###.39!7&+0!6/+.Χ43,!.39!7&+0!6++!0∋;!.39!7&+0!6/+.Χ!7∋!0∋;!Θ−+);,++Σ!
!
! λ+−+1!Ε∋67!−+6+.−%&!/.−74%4/.376!9+6%−4ς+9!6+/.−.743,!7&+4−!ς+(4+)6! Θ.6!.ς67−.%7!/−.%74%+6Σ!
)−∋Ε!7&+4−!.%7;.(!+5+−09.0!%∋39;%7!Α&+3!7&+0!Ε++7!.60(;Ε!6++Χ+−6!.39!−+);,++6#!?&+4−!.ς4(470!7∋!
9∋! 6∋! 6++Ε6! 7∋!ς+! ).%4(47.7+9!ς0!.3!+7&4%!∋)! %.−+! 7∋Α.−96!Ε.−,43.(46+9! Ψ∋7&+−6Ζ!;39+−67∋∋9!.39!
−+)−.%7+9!7&−∋;,&!∋7&+−!49+374)4%.74∋36!Θ+#,#!Υ−.%+Ω1!,+39+−1!.,+!+7%#Σ#!?&46!46!Ε4−−∋−+9!ς0!+549+3%+!
)−∋Ε!/−+54∋;6!+Ε/4−4%.(!Α∋−Χ!Α47&!−+(4,4∋;6!,−∋;/6!.ς∋;7! 7&+4−!.7747;9+6!7∋Α.−96!&∋Ε∋6+[;.(470!
Α&4%&!9+Ε∋367−.7+9!7&.7!7&+!ΨΑ&.7!46Ζ!Θ4#+#!/+−6∋3.(!+[/+−4+3%+Σ!)∋−!ς∋7&!&+7+−∋6+[;.(!.39!(+6ς4.3!
.39!,.0!/+∋/(+!∋)!).47&!46!/−4∋−4746+9!∋5+−!7&+∋(∋,4%.(!∋−!436747;74∋3.(!/+−6/+%745+6!∋)!ΨΑ&.7!∋;,&7!
7∋! ς+Ζ! Θφ.(+3743+! .39! :.47+! <Φ∀<Σ#! Λ39++91! 43! 7&+! %∋37+[7! ∋)! 7&+! 437+−3.(! 945+−6470! ∋)! Ε∋67!
%∋37+Ε/∋−.−0!ϕ;−∋/+.3!.39!Γ∋−7&!αΕ+−4%.3!6∋%4+74+6!αΕ43!Θ<ΦΦ⊥Σ!!.−,;+6!7&.7!7&+!/−∋[4Ε470!∋)!
94))+−+3%+!9+Ε.396!.3!Ψ+7&4%!∋)!%.−+Ζ!)∋−!7&∋6+!;3(4Χ+!∋;−6+(5+6#!λ+!&.6!9;ςς+9!7&46!7&+!Ψ/∋(474%6!∋)!
!<ι!
!
/−∋/43Ξ;470Ζ! %(.4Ε43,! 7&.7! ΨΕ4%−∋Ν/;ς(4%6Ζ! Θ+#,#! ! (4ς−.−4+61! .((∋7Ε+3761! )+6745.(6Σ!Α&+−+! 4394549;.(6!
)−∋Ε! 94))+−+37! 6∋%4.(! ,−∋;/6! .−+! ς−∋;,&7! 7∋,+7&+−! 7&−∋;,&! /∋64745+! +3%∋;37+−6! %.3! ς+! 647+6! ∋)!
%;(7;−.(!9+67.ς4(46.74∋3!.39!6∋%4.(!7−.36)∋−Ε.74∋3#! ! Λ3!7&+!%∋37+[7!∋)!7&46!/./+−1!5∋(;37.−0!6+%7∋−Ν
(+9!43474.745+6!7&.7!/−∋Ε∋7+!/∋64745+!+3%∋;37+−6!ς+7Α++3!.60(;Ε!6++Χ+−6!.39!Ε.Κ∋−470!,−∋;/6!Θ6++!
∆.−(43,!<Φ∀Φϑ!α6Χ436!<Φ∀<Σ!−+/−+6+37!+[.Ε/(+6!∋)!Α&.7!α6Χ436!Θ<Φ∀<Σ!&.6!%.((+9!.! ΨΞ;4+7!/∋(474%6Ζ!
Α47&43!Ξ;∋7494.3!6/.%+6!7&.7!&.5+!7&+!&.−(/−#∋+!7∋!+3.%7!/∋64745+!6∋%4.(!%&.3,+#!!
 
! ∆+6/47+!7&+!/∋664ς(+!ς+3+)476!∋)!6;%&!+3%∋;37+−6!43!%+−7.43!6/.%+6ϑ!∋7&+−!−+6+.−%&!6;,,+676!
7&.7! 6;%&! ∋//∋−7;3474+6! )∋−! 7&+! ς−49,43,! ∋)! 94))+−+3%+6! .−+! (4Ε47+9! ]! _.66+0! Θ<ΦΦε1! <ΦΦ⊥Σ! )∋−!
+[.Ε/(+!.−,;+6!7&.7!Α+!.−+!ς+77+−!.7!%.−43,!)∋−!∋7&+−6!.7!.!9467.3%+!−.7&+−!7&.3!7&∋6+!/−∋[4Ε.7+!
Ψ67−.3,+−6! Α47&43Ζ#! Λ39++9! 7&+! Μ#<#/8% Β#−∀% Ι#∗∗()(/,(! 67;90! &.6! )∋;39! 7&.7! 7&+! ∋//∋−7;3470! 7∋!
+3%∋;37+−! 6∋%4.(! 945+−6470! 5.−4+6! Α49+(0! ς+7Α++3! %474+6! ς;7! .(6∋! Α47&43! %474+6! ς+%.;6+! ;−ς.3!
%∋ΕΕ;3474+6!&.5+!946743%745+!/.77+−36!∋)!945+−6470! ΘΤ4+Χ;7!+7!.(!<Φ∀ΗΣ#! !_∋−+∋5+−1!%∋37+Ε/∋−.−0!
.;67+−470!/∋(4%4+6!.−+!−+6;(743,!43!6+5+−+!%;76!43!/;ς(4%!6/+3943,!7&.7!.−+!4Ε/.%743,!∋3!7&+!67.7;7∋−0!
/−∋5464∋3! ∋)! 6;//∋−7! )∋−! 437+,−.74∋3! /−∋,−.ΕΕ+61! .7! 7&+! 6.Ε+! 74Ε+! 7&+! 6Ξ;+++! ∋3! 7&+! ?&4−9!
∃+%7∋−! 46! .))+%743,! 476! .ς4(470! 7∋! )4((! 7&+! ,./#! Μ+%+37! +[.Ε/(+6! 43! 7&+! 2≅! 43%(;9+! 7&+! %;7743,! ∋)!
−+);,++!+Ε/(∋0Ε+37! 437+,−.74∋3!/−∋,−.ΕΕ+6! Θλ4((! <Φ∀∀Σ! .39! 7&+! −+9;%74∋3! 43! (.3,;.,+! 7−.4343,!
)∋−! 3+Α! .−−45.(6! ΘΓ.6&! <Φ∀∀Σ! .39! ∋7&+−! )∋−Ε6! ∋)!Α49+−! 6;//∋−7! Θ+#,#! 7&+! %(∋6;−+! ∋)! %∋ΕΕ;3470!
%+37−+6! .39! 7+−Ε43.74∋3! ∋)! );3943,! )∋−! /.−74%;(.−! 43474.745+6! 6;%&! .6! ς+)−4+3943,! /−∋,−.ΕΕ+6Σ#!!
ϕ5+3!Α&+−+! 7&+!∋//∋−7;3470! −+Ε.436! )∋−! /∋64745+! +3%∋;37+−6! 9∋! 7.Χ+!/(.%+! 43!Ε4%−∋Ν/;ς(4%6! 7&+!
Ξ;+674∋3!∋)!&∋Α!6;%&!6Ε.((Ν6%.(+!+5+−09.0!437+−.%74∋36!/−+94%.7+9!∋3!.%76!∋)!%.−+!∋−!Χ4393+66!)∋−!
τ∋7&+−6τ! %.3! ς+! 6%.(+9! ;/! 7∋! .%&4+5+! Α49+−! 6∋%4.(! %&.3,+! &.6! −+Ε.43+9! (.−,+(0! ;3.99−+66+9!
Θφ.(+3743+!<ΦΦβ1!φ.(+3743+!.39!∃.9,−∋5+!43!/−+66Σ#!!
!
!<⊥!
!
! Λ3!Α−4743,!.ς∋;7∋/∋6767−;%7;−.(467!+7&4%6!43!7&+!%∋37+[7!∋)!,(∋ς.(46.74∋3!Τ∋/Χ+!Θ<ΦΦΗ1!<ΦΦηΣ1!
9−.Α43,!∋3!7&+!Α−4743,!∋)!≅.371!.−,;+6!7&.7!Α+!3++9!7∋!.95.3%+!.!6+36+!∋)!6/.74.(!−+6/∋364ς4(470!7∋!
∋7&+−6ϑ!−+%∋,34643,!7&.7!Α+!.−+!Α∋5+3!7∋,+7&+−!Α47&!,+∋,−./&4%.((0!9467.3%+9!/+∋/(+!.39!/(.%+6!
−+Ξ;4−+6!;6! 7∋!.!.9∋/7!.! %∋6Ε∋/∋(47.3!.//−∋.%&! 7∋! 7−.36%+39!∋;−!3.−−∋Α!6+()Ν437+−+67#∋δ+7! 6;%&!
.ς67−.%7!49+.(6!.−+!94))4%;(7!7∋!Ε∋ς4(46+!43!7&+!%∋37+[7!∋)!4394549;.(46.74∋3!43!Α&4%&!7&+!+Ε/&.646!43!
%∋37+Ε/∋−.−0!(4)+!46!∋3!7&+!64,34)4%.3%+!∋)!7&+!/+−6∋3.(!−.7&+−!7&.3!7&+!6∋%4.(Ι!43∋Α&.7!Μ∋6+!Θ<ΦΦ<Σ!
&.6!7+−Ε+9!.!Ψ−+,4Ε+!∋)!7&+!6+()Ζ#!Λ39++91!µ+5−+!Θ<ΦΦΦΣ!&.6!.−,;+9!7&.7!.!/−∋%+66!∋)!9+6∋%4.(46.74∋3!
&.6!7.Χ+3!/(.%+!Α47&!5.(;+6!6;%&!.6!6∋%4.(!−+6/∋364ς4(4701!7−;67!.39!6∋%4.(!%∋&+64∋3!%.6;.(74+6!43!7&+!
).%+!∋)!7&+!−46+!43!.3!+7&4%!∋)!6+()Ν437+−+67#!α6!6;%&!.!3;Ες+−!∋)!6%&∋(.−6!&.5+!ς+,;3!7∋!.−,;+!7&.7!
43!%∋37−.67!7∋!)∋%;643,!∋3!4394549;.(!−+6/∋364ς4(470!Α+!3++9!7∋!−+946%∋5+−!.!ς−∋.9+−!)−.Ε+Α∋−Χ!∋)!
6∋%4.(!6∋(49.−4701!−+(.74∋3.(!Ε∋−.(470!Θ+#,#!_%∆∋Α+((!<ΦΦεϑ!8.Α6∋3!<ΦΦηϑ!φ.(+3743+!+7!.(!<Φ∀<Σ!.39!
%∋367−;%745+! %∋ΕΕ;34%.74∋3! Θϕ77(43,+−! <ΦΦ=Σ#! Λ39++91! Π(∋Χ+! Θ<ΦΦ<Ι! ι=∀Σ! 6;,,+676! 7&.7! 47! 46! Υ).−!
Ε∋−+!94))4%;(7!7∋!946%∋5+−π!.!6+36+!∗.)!7&+!∋7&+−!Α&4%&!46!+Ε∋74∋3.(1!%∋33+%7+9!.39!%∋ΕΕ477+9Ω#!
!
! λ+−+1! Α+! .−,;+! 7&.7! 6;%&! Ε;7;.(470! Ε4,&7! ς+! 9+5+(∋/+9! 7&−∋;,&! −+%∋,34643,! .))+%745+!
.))4(4.74∋3!ς+7Α++3!7&∋6+!43!945+−6+!647;.74∋36!]!Α&.7!8.Α6∋3!Θ<ΦΦηΣ!&.6!7+−Ε+9!Ψ.!6∋%4.(!∋37∋(∋,0!
∋)! %∋33+%74∋3Ζ#! ?&46! 46! 3∋7! &∋Α+5+−! 7&−∋;,&! ς;4(943,! %∋33+%74∋36! .−∋;39! .%76! ∋)! Χ4393+66! ς;7!
−.7&+−!ς0!+[/(∋−43,!&∋Α!94))+−+3%+!Ε4,&7!ς+!ς−49,+9!ς0!7&+!Ε;7;.(!%./.%470!7∋!)++(!&;−7#!∆+6/47+!
ς+43,! /∋6474∋3+9! 5+−0! 94))+−+37(0! ΘΕ.7+−4.((01! 6∋%4.((01! (+,.((0! +7%#Σ1! .6! 7&+! 6+%74∋36! .ς∋5+! &.5+!
9+Ε∋367−.7+91!.60(;Ε!6++Χ+−6!.39!−+);,++6!.39!Ε.Κ∋−470!,−∋;/6!6&.−+!.!6+36+!∋)!&;−7!43!7+−Ε6!∋)!
7&+4−! Ε;7;.(! +[/+−4+3%+6! ∋)! 436+%;−470! .39! 5;(3+−.ς4(470! 43! 7&+! ).%+! ∋)! −./49! 6∋%4∋Ν+%∋3∋Ε4%!
%&.3,+#!δ+71!7&46!46!3∋7!−+%∋,346+9!Α47&!+.%&!,−∋;/!6++43,!∋3(0!7&+4−!∋Α3!&;−71!3∋7!&∋Α!7&+0!.−+!
.(6∋!/+−%+45+9!7∋!&;−7!∋7&+−61!∋−!&∋Α!7&+4−!&;−7!Ε4,&7!ς+!%.;6+9!ς0!7&+!6.Ε+!/−∋%+66+6!Α&4%&!.(6∋!
&;−7!∋7&+−6!43!−+(.7+9!ς;7!94))+−+37!Α.06#!:&+−+.6!6∋%4.(!.39!/&064%.(!9467.3%+!%∋ΕΕ∋3(0!ς−++96!
4394))+−+3%+! ΘΟ.−3+77! <ΦΦιΣ! 7&46! +Ε∋74∋3.(! /−∋[4Ε470! ∋))+−6! 7&+! /∋664ς4(470! 7∋! ς;4(9! .! /∋(474%6! ∋)!
!<η!
!
%∋Ε/.664∋3!/−+94%.7+9!∋3!3∋74∋36!∋)! Ψ%∋Ν6;))+−43,Ζ!∋−! Ψ6;))+−43,! 7∋,+7&+−Ζ! 7&.7!Ε4,&7!ς−49,+! 7&46!
,./#! !λ+−+1!Α+!;39+−67.39!%∋Ε/.664∋3!7∋!%∋Ε/−46+!7Α∋!+(+Ε+376!Ν!+Ε/.7&0!)∋−!7&+!6;))+−43,!∋)!
∋7&+−6!7∋,+7&+−!Α47&!.3!.%745+!9+64−+!7∋!.((+54.7+!.3∋7&+−τ6!6;))+−43,#!Λ3!∋7&+−!Α∋−961!47!+Ες∋94+6!
7&+!%∋39474∋3!∋)!ς+43,!.))+%7+9!Ν!ς+43,!+Ε∋74∋3.((0!9.<(2!7∋!)++(!6∋Ε+!−+6/∋364ς4(470!)∋−!∋7&+−6#!
Τ.−.9∋[4%.((0! 7&+−+)∋−+1! 7&+! 436+%;−474+6! %−+.7+9! ς0! 7&+! %∋37+Ε/∋−.−0! %−4646! ∋)! %./47.(46Ε! −.7&+−!
7&.3!&.−9+343,!.7747;9+6! 7∋Α.−96! Ψ∋7&+−6Ζ1! .6!/−+54∋;6! −+6+.−%&! 6;,,+676! 46! %∋ΕΕ∋3! 43! 74Ε+6!∋)!
%−46461!Ε4,&7!ς+!Ε∋ς4(46+9!7∋!.95.3%+!.!Ε∋−+!/−∋,−+6645+!/∋(474%6!/−+94%.7+9!∋3!.!−+%∋,3474∋3!∋)!%∋Ν
6;))+−43,#!Λ7!46!436+%;−470!7&.7!Ε4,&7!ς439!;6!7∋,+7&+−#!
∋
ΠΒΡ,>)/%−Α%≅%,∃∗∋
:+!.−+!5+−0!,−.7+);(!7∋!Π&−46!Τ&4(∋!)∋−! 4354743,!;6!7∋!/.−74%4/.7+! 43!7&+!Μ∗∃ΝΛΟ∗!Π∋3)+−+3%+!<Φ∀<!
.39!7∋!%∋37−4ς;7+!7∋!7&46!6/+%4.(! 466;+#!:+!.(6∋!Α.37!7∋!6.0!.!&;,+!7&.3Χ6!7∋!Π&−46!Τ&4(∋!.39!84!
Ο∋394! )∋−! 7&+4−! 5+−0! 4364,&7);(! %∋ΕΕ+376! ∋3! 7&+! )4−67! 9−.)7! ∋)! 7&46! /./+−! .39! 7∋! 7&+! %∋3)+−+3%+!
.;94+3%+!)∋−!7&+4−!−+6/∋36+!7∋!7&+!)4−67!/−+6+37.74∋3!∋)!7&+6+!49+.6#!∗4((!φ.(+3743+!46!,−.7+);(!7∋!7&+!
ϕ;−∋/+.3!Μ+6+.−%&!Π∋;3%4(!Α&4%&!);39+9!7&46!−+6+.−%&!7&−∋;,&!.3!α95.3%+9!Λ35+674,.7∋−!αΑ.−9!
Θ,−.37!.,−++Ε+37!3∋#!<ε=⊥ιβΣ!+3747(+9!Μ#<#/8%Β#−∀%Ι#∗∗()(/,(%#/%Θ0).&(Ρ%9∋:#/8%,.990/#−#(∃%.0−%
.∗%∃−)∋/8()∃%#/%∋/%()∋%.∗%∃0&()9.7#+#−1%∋/2%∃0&()2#<()∃#−1#!8∋;46+!:.47+!.39!λ.33.&!8+Α46!Α46&!7∋!
.%Χ3∋Α(+9,+!7&+!6;//∋−7!∋)!7&+!ϕ∃ΜΠ!)∋−!Λ)(,∋)#.0∃%Μ#<(∃#!
!
ς%Χ%<%,Β%∗∋
!
αΕ43!α#!Θ<ΦΦ⊥Σ!?&+!,∋∋9!%4701!?)7∋/%ϑ−02#(∃!εΗ?!ιΡ⊥Ι!∀ΦΦ=Ν∀Φ<Η#!
!
αΕ431! α#! γ! ?&−4)71! Γ#! Θ<ΦΦιΣ! Π474+36! ∋)! 7&+! Α∋−(9Ι! 6++43,! 7&+! %470! .6! .! 647+! ∋)! 437+−3.74∋3.(!
! 43)(;+3%+1!λ.−5.−9!6/−()/∋−#./∋+%Ν(<#(Β!<ηΙ!∀εΝ∀η#!
!<β!
!
!
α39+−6∋31!Ο#!γ!Μ∋,.(01!Ο#!Θ<ΦΦιΣ!Σ.),(2%Μ∋7.0)%Α/2%Τ#8)∋−#./%!.%!∀(%?≅#!8∋39∋3Ι!?−.9+6!234∋3!
! Π∋3,−+66#!
!
α6Χ4361!≅#!Θ<Φ∀<Σ!Ο+43,!7∋,+7&+−Ι!+Ε∋74∋3!.39!6∋%4.(!−+(.74∋36!43!.!ς+)−4+3943,!6%&+Ε+#!Π∋3)+−+3%+!
! /−+6+37.74∋3!.7!Μ∗∃ΝΛΟ∗!Π∋3)+−+3%+1!2345+−6470!∋)!ϕ943ς;−,&1!ΗΝι!>;(0!<Φ∀<#!
!
Ο.−ς4+−4!Τ#!Θ<ΦΦ=Σ!µ(+[4ς(+!+Ε/(∋0Ε+37!.39!43+Ξ;.(470!43!ϕ;−∋/+1!Θ0).&(∋/%ϑ.,#.+.8#,∋+%Ν(<#(Β!<ιΙ!
! ⊥<∀Ν⊥<β#!
!
Ο.674.1!?#!.39!_%∗−.7&1!∃#!Θ<Φ∀∀Σ!?+Ε/∋−.(4701!_4,−.74∋3!.39!23)−++!8.ς∋;−Ι!_4,−.37!∗.−Ε+37!
! :∋−Χ+−6!#!_.3%&+67+−!Τ./+−6!43!Τ∋(474%.(!ϕ%∋3∋Ε0#!:∋−Χ43,!Τ./+−!Γ∋#!⊥!>;(0!<Φ∀∀#!
! α5.4(.ς(+!.7!
! &77/ΙΡΡΑΑΑ#6∋%4.(6%4+3%+6#Ε.3%&+67+−#.%#;ΧΡΤϕΛΡ/;ς(4%.74∋36ΡΑ/Ρ9∋%;Ε+376ΡΟ.674..Ε9
! _%∗−.7&;3)−++/./+−#/9)!!
!
Ο.;Ε.31!ϖ#!Θ<ΦΦηΣ!Π∋((.7+−.(!%.6;.(74+6!∋)!%∋36;Ε/74∋31!Υ.0)/∋+%.∗%ς./∃09()%ς0+−0)(!ηΙ<ιΝι⊥#!
!
Ο+%Χ1!2#!Θ∀==<Σ!!∀(%Ν#∃:%ϑ.,#(−1#!8∋39∋3Ι!∃.,+#!
!
Ο(∋%&!α#!Θ<ΦΦ<Σ!Ν(∗08((∃Π%Ω&&.)−0/#−#(∃%Α/2%Ξ∋))#()∃%6/%Θ9&+.19(/−%Α/2%!)∋#/#/8#!∆:Τ!−+6+.−%&!
! −+/∋−7!Γ∋!∀η=#!8++96Ι!∆+/.−7Ε+37!)∋−!:∋−Χ!.39!Τ+364∋36#!
!
Ο(∋%&1!α#!Θ<ΦΦεΣ!Τ∋:#/8%6−%Ψ.):%Ν(∗08((%Θ9&+.19(/−%#/%−∀(%?≅#!8∋39∋31!Λ36747;7+!)∋−!Τ;ς(4%!Τ∋(4%0!
! Μ+6+.−%&#!
!<=!
!
!
Ο(∋%Χ1!α#!γ!∃%&;67+−1!8#!Θ<ΦΦιΣ!α7!7&+!+[7−+Ε+6!∋)!+[%(;64∋3Ι!9+/∋−7.74∋31!9+7+374∋3!.39!946/+−6.(1!
! Θ−∀/#,%∋/2%Ν∋,#∋+%ϑ−02#(∃1!<β!ΘΗΣΙ!ε=∀Νι∀<#!
!
Ο∋3941! 8#! Θ7&46!5∋(;Ε+Σ!µ++(43,! 436+%;−+Ι!.!/+−6∋3.(!.%%∋;37! 43!.!/60%&∋.3.(074%!5∋4%+!ϑ.,#∋+%∋/2%
% ς0+−0)∋+%Ζ(.8)∋&∀15%
!
Ο;−%&+((1!Ο#!Θ∀===Σ!Υ.7%6/∃(,0)#−1%∋/2%Ψ.):%6/−(/∃#∗#,∋−#./#!δ∋−Χ1!>∋6+/&!Μ∋Α37−++!µ∋;39.74∋3#!
!
Ο;−3+771!>#!γ!:&07+1!∆#!Θ<Φ∀ΦΣ!!∀(%Ψ∋8(∃%Ω∗%Σ(∋)Ρ%Ν#∃:>%ϑ∋∗(−1%Α/2%?/2.,09(/−(2%Ψ.):#!8++96Ι!
! ΤαµΜα∃!.39!7&+!2345+−6470!∋)!845+−/∋∋(#!
!
Ο;7(+−1!>#!Θ<ΦΦεΣ!Λ)(,∋)#.0∃%Μ#∗(Ρ%!∀(%Λ.Β()∃%Ω∗%Τ.0)/#/8%Α/2%[#.+(/,(#!8∋39∋3Ι!φ+−6∋#!!
!
Ο;7(+−1!>#!Θ<ΦΦ=Σ!Σ)∋9(∃%.∗%Ψ∋)5%Ψ∀(/%#∃%Μ#∗(%Ζ)#(<∋7+(∴!8∋39∋3Ι!φ+−6∋#!
!
Π(∋Χ+1!Τ#!Θ<ΦΦ<Σ!∆+(45+−!;6!)−∋Ε!+54(∴!Τ−∋6/+%76!)∋−!(4543,!+7&4%.((0!.39!.%743,!/∋(474%.((0!43!&;Ε.3!
! ,+∋,−./&01!Λ).8)(∃∃%#/%Φ09∋/%Ζ(.8)∋&∀11!<⊥!ΘιΣΙ!ιβηΝ⊥Φε#!
!
Π∋&+31!∃#!Θ∀=η<Σ!Σ.+:%Ι(<#+∃%∋/2%Τ.)∋+%Λ∋/#,∃#!χ[)∋−9Ι!Ο(.%ΧΑ+((#!
!
Π∋ΕΕ;3470! 843Χ6! .39!Μ+);,++!Π∋;3%4(#! Θ<Φ∀∀Σ!?/2()∃−∋/2#/8%!∀(% 6/∗.)9∋+% Θ,./.9#,%Α,−#<#−1%Ω∗%
% Ν(∗08((∃%6/%Μ./2./#!8∋39∋3Ι!Π∋ΕΕ;3470!843Χ6!
!
!ΗΦ!
!
Π−.4,1!∗#1!∗.;61!α#1!:4(Χ436∋31!_#1!∃Χ−45.3Χ∋5.1!≅#!γ!_%ω;.9+1!α#!Θ<ΦΦηΣ!ς./−(9&.)∋)1%ϑ+∋<()1%6/%
% !∀(%?≅Ρ%Ω<()<#(Β%Α/2%≅(1%6∃∃0(∃#!δ∋−ΧΙ!>∋6+/&!Μ∋Α37−++!µ∋;39.74∋3#!
!
∆.−(43,1! >#! Θ<Φ∀ΦΣ! α! %470! ∋)! 6.3%7;.−0Ι! 7&+! −+(.74∋3.(! −+Ν4Ε.,4343,! ∋)! ∃&+))4+(9Ζ6! .60(;Ε! /∋(474%61!
! !)∋/∃∋,−#./∃%.∗%−∀(%6/∃−#−0−(%.∗%Ξ)#−#∃∀%Ζ(.8)∋&∀()∃!ΗιΙ!∀<ιΝ∀εΦ#!
!
∆Ζχ3∋)−4∋1! 8#1! .39! _;3Χ1! ≅#! Θ<ΦΦεΣ! ?/2()∃−∋/2#/8% −∀(% ϑ−)∋/8()#! 8∋39∋3Ι! ΛΠαΜ#! α5.4(.ς(+! .7Ι!
! &77/ΙΡΡΑΑΑ#4%.−#∋−,#;ΧΡ/9)Ρ;76ΦΦΗ#/9)!
!
∆−+0);61!λ#8#!Θ∀==∀Σ!Ξ(#/8%6/%!∀(%Ψ.)+2Ρ%Α%ς.99(/−∋)1%Ω/%Φ(#2(88()4∃%Ξ(#/8%Α/2%!#9(>%Ι#<#∃#./%6#!
! Π.Ες−49,+Ι!_Λ?!Τ−+66#!
!
∆Α0+−1!Τ#!Θ<ΦΦβΣ! 6/−(8)∋−#./∴%!∀(%Λ(),(&−#./∃%Α/2%Θ=&()#(/,(∃%Ω∗%Ν(∗08((∃%6/%].):∃∀#)(%Α/2%!∀(%
% Φ097()1!8++961!δ∋−Χ6&4−+!.39!λ;Ες+−!Μ+,4∋3.(!_4,−.74∋3!Τ.−73+−6&4/#!
!
∆Α0+−! Τ1! 8+Α46! λ1! ∃%;((4∋3! 81! +7! .(#! Θ<Φ∀∀Σ! Σ.),(2% Μ∋7.0)% Α/2% ?≅% 699#8)∋−#./% Λ.+#,1Ρ% ϑ−∋−0∃%
% Τ∋−−()∃∴!δ∋−ΧΙ!>∋6+/&!Μ∋Α37−++!µ∋;39.74∋3#!
!
ϕ77(43,+−1!Γ#!Θ<ΦΦηΣ!Τ−+%.−470!;3ς∋;391%Α+−()/∋−#<(∃!Η<Ι!Η∀=ΝΗεΦ#!
!
ϕ77(43,+−! Γ#! Θ<ΦΦ=Σ! ∃;−Ε∋;3743,! %470! 64(+3%+6Ι! Χ3∋Α(+9,+! %−+.74∋3! .39! 7&+! 9+64,3! ∋)! ;−ς.3!
! 9+Ε∋%−.%0! 43! 7&+! +5+−09.0! +%∋3∋Ε01! 6/−()/∋−#./∋+% Υ.0)/∋+% .∗% ?)7∋/% ∋/2% Ν(8#./∋+%
% Ν(∃(∋),∀1!ΗΗΙ!<∀ηΝΗΦ#!
!
µ+Χ+7+1!8#!Θ<ΦΦ∀Σ!?&+!+Ε+−,+3%+!∋)![+3∋Ν−.%46Ε1!Ν∋,(%∋/2%ς+∋∃∃!εΗΙ!<ΗΝεΦ#!
!Η∀!
!
!
µ+5−+1!Μ#:#!Θ<ΦΦΦΣ!?&+!Ι(9.)∋+#∃∋−#./%.∗%Ψ(∃−()/%ς0+−0)(#!Π∋3743;;Ε1!8∋39∋3#!
!
µ433+01! Γ#! α39! Τ+.%&1! ϕ#! Θ<ΦΦεΣ! Α−−#−02(∃% !.Β∋)2∃% Α∃1+09% ϑ((:()∃>% Ν(∗08((∃% ∋/2% .−∀()%
% 699#8)∋/−∃Ρ% ∋% +#−()∋−0)(% )(<#(Β% ∗.)% −∀(% ς.99#∃∃#./% ∗.)% Ν∋,#∋+% ΘΗ0∋+#−11! ΛΠαΜ1! 8∋39∋3#!
! α5.4(.ς(+!.7!&77/ΙΡΡΑΑΑ#4%.−#∋−,#;Χ!!
!
µ∋741!α#!Θ<ΦΦεΣ!Τ−+%.−470!.39!3Ρ+;−∋/+.3!49+37470#!Λ37+−54+Α!Α47&!_+−Κ43!χ;9+3.Ε/6+3!.39!∗.543!
! ∃;((45.3#!Ζ)((/&(&&()%Ε.,.43+!
!
∗499+361!α#!Θ∀==ΦΣ!!∀(%ς./∃(Η0(/,(∃%Ω∗%Τ.2()/#−1#!Π.Ες−49,+Ι!Τ∋(470!Τ−+66#!
!
∗499+361!α#!Θ∀==∀Σ!Τ.2()/#−1%∋/2%ϑ(+∗;62(/−#−1#!Γ+Α!δ∋−ΧΙ!Τ∋(470!Τ−+66#!
!
∗4((1! Γ#! Θ<ΦΦ=Σ! ∗∋5+−3Ε+37.(!Ε∋ς4(470Ι! 7&+! /∋Α+−! +))+%76! ∋)! 7&+!Ε∋5+Ε+37! ∋)! 9+7.43+9! .60(;Ε!
! 6++Χ+−6!.−∋;39!Ο−47.43Ζ6!9+7+374∋3!+67.7+1!Λ.+#−#,∋+%Ζ(.8)∋&∀1!<βΙ!∀β⊥Ν∀=⊥#!
!
λ.−971! _#! α39! Γ+,−41! α#! Θ<ΦΦ=Σ! ς.99./Β(∋+−∀#! Π.Ες−49,+1! _αΙ! Ο+(Χ3./! Τ−+66! ∋)! λ.−5.−9!
! 2345+−6470!Τ−+66#!
!
λ4((1!α#!Θ<Φ∀∀Σ!Μ+);,++!6+−54%+6!7∋!7.Χ+!.!&+.50!&47!9;+!7∋!⊥<ν!);3943,!%;76#!!∀(%Ζ0∋)2#∋/1!?;+69.0!
! ∀!µ+ς−;.−0!<Φ∀∀#!
!
!Η<!
!
λ∋(Ε+6! Π#! Θ∀==ηΣ!λ∋674(+! 4Ε.,+6! ∋)! 4ΕΕ4,−.376! .39! −+);,++6! 43! ∀=
7&
! .39! <Φ
7&
! %+37;−0! Ο−47.43! 43!
! 8;%.66+31!>#!.39!8;%.66+3!8#!Θ+96#Σ!Τ#8)∋−#./>%Τ#8)∋−#./%Φ#∃−.)1>%Φ#∃−.)1!Ο+−3+Ι!Τ+7+−!8.3,!
! α∗#!
!
ΛΠαΜ!Θ<ΦΦεΣ!Τ(2#∋%69∋8(∃>%ς.990/#−1%69&∋,−Ρ%Α∃∃(∃∃#/8%−∀(%69&∋,−%.∗%Τ(2#∋%∋/2%Λ.+#−#,∋+%69∋8(∃%
% .∗%Ν(∗08((∃%∋/2%Α∃1+09%ϑ((:()∃%./%ς.990/#−1%Ν(+∋−#./∃%#/%Μ./2./#!Μ+/∋−7!∋)!.!/4(∋7!67;90#!
! 8∋39∋3Ι!ΛΠαΜ#!α5.4(.ς(+!.7!ΑΑΑ#4%.−#∋−,#;ΧΡ/9)ΡΕ4%4ΦΦε#/9)!
!
≅.,.31!Π#1!8∋1!∃#1!_∋Χ1!8#1!8.Α7&∋Ε1!Μ#1!∃&.Ε1!∃#1!∗−++3Α∋∋91!_#!.39!Ο.43+61!∃#!Θ<Φ∀∀Σ!Θ=&()#(/,(∃%
% Ω∗%Σ.),(2%Μ∋7.0)%Α9./8%ς∀#/(∃(%Τ#8)∋/−%Ψ.):()∃#!δ∋−ΧΙ!>∋6+/&!Μ∋Α37−++!µ∋;39.74∋3#!
!
≅.7;3,41!∆#1!Γ+.(+1!ϕ#!.39!Ο.−ς∋;−1!α#!Θ<ΦΦ⊥Σ!Λ(.&+(%6/%Μ.Β;Λ∋#2%6/∗.)9∋+%Ψ.):Ρ%3⊥((2%⊥.−%Ζ)((24#!
! δ∋−ΧΙ!>∋6+/&!Μ∋Α37−++!µ∋;39.74∋3#!
!
≅∋)Ε.31! ϕ#! Θ<ΦΦιΣ! Π474+36&4/1! Ε4,−.74∋3! .39! 7&+! −+.66+−74∋3! ∋)! 3.74∋3.(! 49+374701! ς#−#Κ(/∃∀#&%
% ϑ−02#(∃!=!ΘιΣ1!ειΗΝε⊥η#!
!
≅;393.341!α!Θ<ΦΦ∀Σ!Λ3!.!)∋−+4,3!(.39Ι!7&+!3+Α!/∋/;(.−!−.%46Ε1!Ν∋,(%_%ς+∋∃∃!ε<Ι!ε∀Ν⊥Φ!
!
8.43,1!Μ#∆#!Θ∀=⊥ΦΣ!Α%Ι#<#2(2%ϑ(+∗#!8∋39∋3Ι!λ∋99+−!γ!∃7∋;,&7∋3#!
!
8.(.341!_#! Θ<Φ∀∀Σ! Θ/2#/8% !∀(% Α70∃(5% Λ.+#,#(∃% !∀∋−%Ψ.):% !.% Λ).−(,−%Τ#8)∋/−% Ι.9(∃−#,%Ψ.):()∃5%
% 8∋39∋31!≅.(.0..3#!
!
!ΗΗ!
!
8.Α6∋31!φ#! Θ<ΦΦηΣ!∗+∋,−./&4+6!∋)!%.−+!.39!−+6/∋364ς4(4701!Α//∋+∃%.∗% −∀(%Α∃∃.,#∋−#./%.∗%Α9()#,∋/%
% Ζ(.8)∋&∀()∃!=ηΙ!∀Ν∀∀#!
!
8+Α461!λ#1!∆Α0+−1!Τ#1!λ∋9Χ436∋31!∃#!.39!:.47+1!8#!Θ<Φ∀Η!43!/−+66Σ!λ0/+−Ν/−+%.−4∋;6!(45+6∴!Ε4,−.3761!
! Α∋−Χ!.39!)∋−%+9!(.ς∋;−!43!7&+!∗(∋ς.(!Γ∋−7&1!µ∋−7&%∋Ε43,!43!Λ).8)(∃∃%#/%Φ09∋/%Ζ(.8)∋&∀1#!
!
8+Α461!λ#1!∆Α0+−1!Τ#1!∃%;((4∋31!8#!.39!.39!:.47+1!8#!Θ<Φ∀<Σ!µ−∋Ε!−+67−4%74∋36!7∋!7&+!%./Ι!7−+396!43!2≅!
! Ε4,−.74∋3!/∋(4%01!∃/+%4.(!Λ66;+!∋)!Υ.0)/∋+%.∗%Λ.<()−1%∋/2%ϑ.,#∋+%Υ0∃−#,(1!<Φ!Θ∀Σ#!
!
8+Α461!_#!Θ<ΦΦιΣ!Α∃1+09Ρ%?/2()∃−∋/2#/8%Λ07+#,%Α−−#−02(∃#!ΛΤΤΜ1!8∋39∋3#!
!
_.66+01!∆#!Θ<ΦΦιΣ!Σ.)%ϑ&∋,(#!∃.,+Ι!8∋39∋3#!
!
_.66+01!∆#!Θ<ΦΦεΣ!∗+∋,−./&4+6!∋)!−+6/∋364ς4(4701!Ζ(.8)∋∗#∃:∋%Α//∋+()1!β⊥ΟΙ!ιΝ∀β#!
!
_.66+01! ∆#! Θ<ΦΦ⊥Σ! ∃/.%+1! 74Ε+! .39! /∋(474%.(! −+6/∋364ς4(470! 43! 7&+! Ε4967! ∋)! ,(∋ς.(! 43+Ξ;.(4701!
! Θ)2:0/2(1!⊥ΦΙ!β=Ν=ι#!
!
_%∆∋Α+((1! 8#! Θ<ΦΦεΣ!:∋−Χ1!Α∋−Χ).−+1!Α∋−ΧΡ(4)+!ς.(.3%+!.39!.3!+7&4%!∋)! %.−+1!Λ).8)(∃∃% #/%Φ09∋/%
% Ζ(.8)∋&∀11!<β!Θ<ΣΙ!∀ειΝ⊥Η#!
!
_%∗&++1! ∆#! Θ<ΦΦιΣ! 6/−.+()∋/−% Ξ)#−∋#/∴% Φ∋−(>% ς#−#Κ(/∃∀#&% ∋/2% Ι#∗∗()(/,(#! χ/+3! 2345+−6470! Τ−+661!
! _.49+3&+.9#!
!
!Ηε!
!
_%≅.0!∃1!_.−Χ∋5.!ϕ1!Τ.−.6Χ+5∋/∋;(∋;!α1!+7!.(#!Θ<ΦΦ=Σ!!∀(%Ν(+∋−#./∃∀#&%Ξ(−Β((/%Τ#8)∋−#./%ϑ−∋−0∃%
% Α/2%Θ9&+.19(/−%Ω0−,.9(∃#!239∋%;Ε+37+9!:∋−Χ+−!?−.36474∋36#!
!
_47+31! >#! Θ<ΦΦ⊥Σ!χ37∋(∋,4%.(! 6+%;−470! 43!Α∋−(9! /∋(474%6Ι! ∃7.7+! 49+37470! .39! 7&+! 6+%;−470! 94(+ΕΕ.1!
! Θ0).&(∋/%Υ.0)/∋+%.∗!6/−()/∋−#./∋+%Ν(+∋−#./∃!∀<!ΘΗΣΙ!Ηε∀ΝΗηΦ#!
!
_∋;371! α#! Θ<Φ∀∀Σ! ∃/+%7+−6! .7! 7&+! /∋−7! ∋)! +37−0Ι! ;39+−67.3943,! ∃7.7+! Ε∋ς4(474+6! 7&−∋;,&! .3!
! ∋37∋(∋,0!∋)!+[%(;64∋31!Τ.7#+#−#(∃!⊥Ι!Η∀ηΝΗΗε#!
!
_;−−.01!Π#!Θ∀=βεΣ!Μ.∃#/8%Ζ).0/2#!8∋39∋31!Ο.64%!Ο∋∋Χ6#!
!
Γ.6&1!Λ#!Θ<Φ∀∀Σ!µ;3943,!%;76!7&−+.7+3!ϕ3,(46&!(+66∋36#!?&+!∗;.−94.31!?;+69.0!∀β
7&
!>.3;.−0!<Φ∀∀#!
!
Γ∋[∋(∋1! Τ#! Θ7&46! 5∋(;Ε+Σ! ∃+%;−4701! .60(;Ε! .39! 9+5+(∋/Ε+37Ι! ,(∋ς.(! 6+%;−4706%./+6! ϑ.,#∋+% ∋/2%
% ς0+−0)∋+%Ζ(.8)∋&∀1!
!
Τ&4((4Ε∋−+1! >#! .39! ∗∋∋96∋31! 8#! Θ<ΦΦ⊥Σ! Τ−∋ς(+Ε! ∋−! ∋//∋−7;3470∴! α60(;Ε! 6++Χ+−61! −+);,++61!
! +Ε/(∋0Ε+37! .39! 6∋%4.(! +[%(;64∋3! 43! 9+/−45+9!;−ς.3! .−+.61%?)7∋/% ϑ−02#(∃1! εΗ! Θ∀ΦΣΙ! ∀η∀ιΝ
! ∀ηΗ⊥#!
!
Τ&4((4/61! Γ#! <Φ∀<! Θ43! /−+66Σ! α95+−6+! Λ3%∋−/∋−.74∋3! .39! 23)−++! 8.ς∋;−! 43! 7&+! ∗(∋ς.(! ϕ%∋3∋Ε0Ι!
! Π∋Ε/.−.745+! Τ+−6/+%745+6! )−∋Ε! Ο−.4(! .39! Λ394.1! Θ,./.91% ∋/2% ϑ.,#(−11! .%%+/7+9! )∋−!
! /;ς(4%.74∋3!.39!)∋−7&%∋Ε43,1!<Φ∀<#!
!
Τ&4(∋1!Π#∋Θ<ΦΦιΣ!?&+!,+∋,−./&4+6!7&.7!Α∋;391%Λ.&0+∋−#./>%ϑ&∋,(%∋/2%Λ+∋,(!∀∀Ι!εε∀Νειε#!
!Ηι!
!
!
Τ&4(∋1!Π#∋Θ<Φ∀<Σ!∃+%;−470!∋)!,+∋,−./&0Ρ,+∋,−./&0!∋)!6+%;−4701!!)∋/∃∋,−#./∃%.∗%−∀(%6/∃−#−0−(%.∗%Ξ)#−#∃∀%
% Ζ(.8)∋&∀()∃#!ΗηΙ!∀Νη#!
!
Τ4+Χ;71!α#1!Μ++61!Τ#1!φ.(+3743+1!∗1!.39!≅;/46+Α6Χ41!_#! Θ<Φ∀<Σ!_;(74!94Ε+364∋3.(!945+−6470! 43! 7Α∋!
! ϕ;−∋/+.3!%474+6Ι!7&43Χ43,!ς+0∋39!+7&34%4701!Θ/<#)./9(/−%∋/2%Λ+∋//#/8%Α%εεΙ<=ββΝΗΦΦ=.!
!
Τ4∋−+1!_#!Θ∀=η=Σ!Ξ#)2∃%.∗%Λ∋∃∃∋8(Ρ%Τ#8)∋/−%Μ∋7.0)%∋/2%6/20∃−)#∋+%ϑ.,#(−#(∃>%Π.Ες−49,+1!Π.Ες−49,+!
! 2345+−6470!Τ−+66#!
!
Τ∋/Χ+1! ϕ#>#! Θ<ΦΦΗΣ!Τ∋6767−;%7;−.(! +7&4%6Ι! 6;ςΚ+%7454701! −+6/∋364ς4(470! .39! 7&+! 6/.%+!∋)! %∋ΕΕ;34701!
! Λ).8)(∃∃%#/%Φ09∋/%Ζ(.8)∋&∀11!<ηΙ!<=βΝΗ∀⊥#!
!
Τ∋/Χ+1!ϕ#>#!Θ<ΦΦηΣ!∗+∋,−./&0!.39!+7&4%6Ι!6/.%+6!∋)!%∋6Ε∋/∋(47.3!−+6/∋364ς4(4701!Λ).8)(∃∃%#/%Φ09∋/%
% Ζ(.8)∋&∀11!Η∀Ι!ιΦ=Ν∀β#!
!
Μ+);,++!α%74∋3!Θ<ΦΦ⊥Σ!!∀(%Ι(∃−#−0−#./%!)∋&5%8∋39∋31!Μ+);,++!α%74∋3#!
!
Μ∋66!α#!Θ<ΦΦβΣ!?&+!3+Α!,+∋,−./&0!∋)!Α∋−Χ1!!∀(.)1>%ς0+−0)(%_%ϑ.,#(−1!<ιΙ!Η∀Νε=#!
!
∃%∋771!∃#1!Π−.4,1!∗#!.39!∗+99+61!α#! Θ<Φ∀<Σ!Θ=&()#(/,(∃%Ω∗%Σ.),(2%Μ∋7.0)% 6/%!∀(%?≅%Σ..2% 6/20∃−)1#!!
δ∋−ΧΙ!>∋6+/&!Μ∋Α37−++!µ∋;39.74∋3#!
!
∃+33+771!Μ#!Θ∀==βΣ!!∀(%ς.)).∃#./%Ω∗%ς∀∋)∋,−()#!Γ+Α!δ∋−ΧΙ!Γ∋−7∋3#!
!
!Η⊥!
!
∃4ς(+01!∆#!Θ∀==ιΣ!Ζ(.8)∋&∀#(∃%.∗%Θ=,+0∃#./#!Μ∋;7(+9,+Ι!8∋39∋3#!
!
∃45.3.39.31!α#!Θ<ΦΦ∀Σ!Τ∋5+−70!46!7&+!3+Α!ς(.%Χ#!Ν∋,(%∋/2%ς+∋∃∃!εΗΙ!∀Ν⊥#!
!
∃7.3943,1! ∗#! Θ<Φ∀∀Σ! !∀(% Λ)(,∋)#∋−Ρ% !∀(% ⊥(Β% Ι∋/8().0∃% ς+∋∃∃>% 8∋39∋31! Γ+Α! δ∋−ΧΙ! Ο(∋∋Ε6ς;−0!
! α%.9+Ε4%#!
!
?2Π! Θ<ΦΦβΣ! Φ∋)2% Ψ.):>% Φ#22(/% Μ#<(∃#! Μ+/∋−7! ∋)! 7&+! Π∋ΕΕ4664∋3! ∋3! φ;(3+−.ς(+! ϕΕ/(∋0Ε+37#!
! 8∋39∋3Ι!?2Π#!
!
φ.(+3743+1!∗#! Θ<ΦΦβΣ! 84543,!Α47&!94))+−+3%+Ι! −+)(+%74∋36!∋3!,+∋,−./&4+6!∋)!+3%∋;37+−1!Λ).8)(∃∃% #/%
% Φ09∋/%Ζ(.8)∋&∀1>%Η<Ι!Η<∀ΝΗΗι#∋∋
!
φ.(+3743+1!∗#!Θ<Φ∀ΦΣ!Τ−+Κ;94%+Ι!Μ+7&43Χ43,!,+∋,−./&4+6!∋)!∋//−+664∋31!ϑ.,#∋+%_%ς0+−0)∋+%Ζ(.8)∋&∀1%
% ∀∀Ι!ι<∀ΝιΗη#!
!
φ.(+3743+1! ∗#! .39! λ.−−461! Π#! Θ<Φ∀ΗΣ! ∃7−45+−6! 5! 6Χ45+−6Ι! ! %(.66! /−+Κ;94%+! .39! 7&+! 9+Ε∋346.74∋3! ∋)!
! 9+/+39+3%0!43!+5+−09.0!(4)+#!χ;7!7∋!−+54+Α#!α5.4(.ς(+!)−∋Ε!7&+!.;7&∋−#!
!
φ.(+3743+1!∗#1!>.03+1!_#!.39!∗∋;(91!_#!Θ<Φ∀<Σ!∆∋!.6!Λ!6.01!3∋7!.6!Λ!9∋Ι!7&+!.))+%745+!6/.%+!∋)!).Ε4(0!
! (4)+!.39!7&+!,+3+−.74∋3.(!7−.36Ε4664∋3!∋)!9−43Χ43,!%;(7;−+61!Θ/<#)./9(/−%_%Λ+∋//#/8%Α!εεΙ!
! ηη⊥Νη=<#!
!
φ.(+3743+1! ∗#! .39! ∃.9,−∋5+1! >#! Θ<Φ∀<Σ! 845+9! 94))+−+3%+Ι! .! 3.−−.745+! .%%∋;37! ∋)! 6/.74∋7+Ε/∋−.(!
! /−∋%+66+6!∋)!6∋%4.(!94))+−+37.74∋31!Θ/<#)./9(/−%_%Λ+∋//#/8%Α!εεΙ!<Φε=Ν<Φ⊥η#!
!Ηη!
!
!
φ.(+3743+1! ∗#! .39! ∃.9,−∋5+1! >#! Θ<Φ∀Η1! 43! /−+66Σ!Ο4∋,−./&4%.(! 3.−−.745+6! ∋)! +3%∋;37+−Ι! 7&+!
! 64,34)4%.3%+!∋)!Ε∋ς4(470!.39!+Ε/(.%+Ε+37! 43! 6&./43,!.7747;9+6! 7∋Α.−96!94))+−+3%+1!?)7∋/%
% ϑ−02#(∃% Τ;ς(46&+9! ∋3(43+! ς+)∋−+! /−437! ∃+/7+Ες+−! <ι1! <Φ∀Η1! 9∋4Ι!
! ∀Φ#∀∀ηηΡΦΦε<Φ=βΦ∀ΗιΦε∀ε<!
!
φ.(+3743+1!∗#!.39!:.47+1!8#!Θ<Φ∀<Σ!Γ+,∋74.743,!94))+−+3%+!7&−∋;,&!+5+−09.0!+3%∋;37+−6Ι!?&+!%.6+!
! ∋)!6+[;.(!∋−4+37.74∋3!.39!−+(4,4∋3!.39!ς+(4+)1!Α/−#&.2(%εε!Θ<ΣΙ!εηεΝε=<#!!
!
φ.3!_.−(+1!µ#!.39!_.−;3.1!∃#!Θ<Φ∀ΦΣ!Ψχ37∋(∋,4%.(!436+%;−470Ζ!.39!Ψ7+−−∋−!Ε.3.,+Ε+37ΖΙ!843Χ43,!7Α∋!
! )−++Ν)(∋.743,!.3[4+74+61!Λ0/#∃∀9(/−%∋/2%ϑ.,#(−1!∀<!Θ∀ΣΙ!ηΝ<⊥#!
!
:.47+1!8#!Θ<ΦΦ=Σ!α!Τ(.%+!.39!∃/.%+!)∋−!.!Π−474%.(!∗+∋,−./&0!∋)!Τ−+%.−470∴!Ζ(.8)∋&∀1%ς.9&∋∃∃%ΗΡ∀Ι!
! ε∀<]εΗΗ#!
 
:.47+1! 8#1!8+Α461! λ#1! ∆Α0+−1! Τ#1! .39!λ∋9Χ436∋31! ∃#! Θ<Φ∀Η! 43! /−+66Σ!Τ−+%.−4∋;6! (45+6Ι! −+);,++6! .39!
! .60(;Ε!6++Χ+−6Ζ!−+6467.3%+!Α47&43!;3)−++!(.ς∋;−43,1!!!µ∋−7&%∋Ε43,!43!ΑςΤΘ#!
 
:4((61!>#1!∆.77.1!≅#1!ϕ5.361!δ#1!λ+−ς+−71!>#1!_.01!>#!γ!_%Λ(Α.43+1!Π#!Θ<Φ∀ΦΣ!Ζ+.7∋+%ς#−#(∃%Α−%Ψ.):5%⊥(Β%
% Τ#8)∋/−%Ι#<#∃#./∃%Ω∗%Μ∋7.0)>%8∋39∋31!Τ(;7∋!Τ−+66#!
!
δ∋;3,1! >#! Θ∀===Σ!!∀(%Θ=,+0∃#<(% ϑ.,#(−1Ρ% ϑ.,#∋+% Θ=,+0∃#./>%ς)#9(%Α/2%Ι#∗∗()(/,(% 6/% Μ∋−(%Τ.2()/#−1#!
! 8∋39∋3Ι!∃.,+#!
!
!Ηβ!
!
δ∋;3,1!>#!Θ<ΦΦΗΣ!_+−7∋3!Α47&!+3+−,01!≅.7!Α47&!67−;%7;−+Ι!?&+!6∋%4∋(∋,0!∋)!54394%745+3+66!.39!7&+!
! %−4Ε43∋(∋,0!∋)!7−.36,−+664∋31!!∀(.)(−#,∋+%ς)#9#/.+.81!η!ΘΗΣΙ!Ηβ=Νε∀ε#!
!
δ∋;3,1!>#!Θ<ΦΦηΣ!!∀(%[()−#8.%Ω∗%Μ∋−(%Τ.2()/#−1#!8∋39∋3Ι!∃.,+#!
!
!
Μ>∃%∗∋
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4
!
4
!∃++!&77/ΙΡΡ4%436/+%7∋−#439+/+39+37#,∋5#;ΧΡ439+/+39+37Ν%&4+)Ν436/+%7∋−Ν/;ς(46&+6Ν−+/∋−7Ν∋3Ν437+((4,+3%+Ρ!
!
44
!:+!.−+!,−.7+);(!7∋!Π&−46!Τ&4(∋!)∋−!7&46!∋ς6+−5.74∋3!
